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REPORT OF THE DIRECTOR. 



This report covers the government fiscal year ending 
June 30, 1894, for its financial statement, and the work 
of the several investigators so far as complete down to ' 
the time of going to press December 1, 1894. By this 
promptness we hope to be able to present to our constit- 
uents the results of our work in time for their winter 
reading during the earlier months of 1895. 

Irrigation investigations. — During the past season we have 
begun a series of investigations in irrigation for garden 
and farm crops believing that this effort would meet with 
approval. Though Wisconsin lies wholly within the 
humid region, the precipitation is such that crops not 
infrequently suffer from drought; the summer 1894 was a 
marked example in this particular. 

Our equipment for irrigtaion work consists of a 10 H. 
P. traction steam boiler and engine, a large centrifugal 
and a small rotary pump, a cement reservoir, 40 feet in di- 
ameter, considerable piping, etc. ; to these we hope to add 
materially during the coming year especially in the way 
of piping, so that we may be able to show the value of 
additional water on field and garden crops. The results of 
the investigations by Professors King and Goff will be read 
with interest by our people, and are especialy commended 
to those raising crops where there are possible large in- 
comes from an acre, notably vegetables and small fruits. 

Marsh drainage. — During the past fall a most interesting 
experiment has been inaugurated on the university farm. 
About 40 acres of our farm lies with its surface so near 
to the water level of Fourth Lake that drainage as 
usually practiced is out of the question. Ten acres of 
this land, a small portion of which is actually below lake 
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level and all of -which has remained incapable of cultivat- 
ion for the reason above stated, has been rescued from 
nselessness and put in the way of possible high agricul- 
tural value through diking and draining. A dike has been 
built along the inlet to the lake to prevent overflow from 
that side; inside this dike a ditch between three and four feet 
deep has been excavated which empties into a reservior 
■40 X 60 feet in area and^four feet deep. Tile drains are 
laid 33 feet apart under the ten acres ; these empty into the 
open ditch which in turn carries the water to the reservoir, 

A 14 foot Eclipse windmill working an 8 x 10 inch cylin- 
der pumpVith direct stroke lifts the water out of the reser- 
voir over the dike and into the lake. This is practically 
the Holland systen for reclaiming low-lying and sub- 
merged lands, and if the project proves a success we 
shall be able to add materially to our present arable lands 
on the station farm and afford an example for others to 
follow. 

Tuberculosis in the Station dairy herd. — Last winter Dr. 
Kussell of the Station, and Dr. W. G. Clark, instructor in 
veterinary science, conducted a test of our dairy herd for 
tubercular consumption, by the acid of the Koch tuberculin 
lymph. It was found that nearly all individuals of the herd 
were affected with the disease and one after another the 
animals were slaughtered during the investigation until 
twenty-eight were destroyed, leaving but two cows which 
were pronounced free from the disease. We are now with- 
out a dairy herd and the stable in which our cows were kept 
is we believe so thoroughly infected that it is not advisable 
to place valuable animals therein. For this reason we are 
without a herd of cows at the Station ,and shall await 
legislative assistance in the way of a new barn before any 
steps are taken in this direction. 

The Station force. — During the past year there has been 
no changes in our Station force, a matter for congratula- 
tion when we read of the many changes going on in some of 
our sister Stations. Mr. E. H. Parrington has come to us 
from the University of Illinois, with the title of Asso- 
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ciate Professor of Dairy Husbandry, his work being in 
the dairy school as head instructor and investigator. By 
thus increasing our force of dairy workers we hope to be 
able to do still better work in the future than in the past, 
helping on an industry, the importance of which is even not 
yet fully realized by the citizens of our state. No state in the 
Union combines equal advantages for butter and cheese- 
making with ours, and only a short-sighted policy will hold 
back our university from being a leader in the enormous 
development possible in this direction. 

In justice to two of our workers a word of explanation 
is deemed necessary. When the Babcock milk test was 
given to the world we hardly realized what would follow. 
A large part of Dr. Babcock's time for the last three 
years has been taken up with correspondence relating to 
this test, and with work connected with the dairy test 
of the World's Columbian Exposition. Mr. Woll has 
given much of his time to editing and general supervis- 
ion of our report and bulletins, and to caring for our agri- 
cultural library. For these reasons we have not been able 
to present the amount of chemical work which would seem 
due from this part of our Station force. 

Tfie mailing list. — Our old mailing list which numbered 
more than 8,000 names was the accumulation of years and 
needed thorough revision. Notices were sent with our 
Tenth Annual Report that all persons receiving the same 
should send in an application if they wished their names to 
remain on our list. We again renew our offer. All citizens of 
our state wishing our Reports and Bulletins are recLuested 
to sead in their names with county and post-ofBce. 

Publications available for distribution. — Most of our earlier 
publications are now out of print. We have on hand and 
will supply to residents of this state only, until exhausted, 
any of the following: 

ElRbtb Annual Report for Cbe year 1891, 
Bulletin No. 14. ArttHclal Fertjiiieri and Land Plasler. 

Bulletin Na. 16, A Nen Method lot Dstermiuias Fat in Milk (Short's Test), Julj 'aS. 
Bulletin Ko. 18, The Conatautloa of Milk. 
Bulletin No. IB, Notes on EnsllagB. April, '89. 

Bulletin No, 31, ComparatlYBValueot Warm and Cold Water tor Ullch CowB in Win- 
tar, October, '89. 
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23, Report on Oato, Barley and Poutoea for 1889. Juiuary, 'SO. 
a. S8, PrerentlOB of Apple Scab, April, "M, 
0. a. Feeding Bone Meal aad Hard Wood ABbes to Hoga Living oo Co: 

M, BuearBeetCalture in Wisconsin. January, 'Bl. 

37. Tbe Feeding Value of Whej. April, <91. 

2S, The CoQBtrucCiOD of SUoa. July 'SI . 
ilulletlu No. 29, Creamlag Eipsrlmenls. Octobar. '91. 

Bulletin No 30, Sugar Be«t Eiperlntenta la Wisconsin (or IB9I, Januarr '9£. 
Bulletin No. Si. FeedlDg Grain to Lambs, July, '9^, 

EUtlons for Dairy Coira. 
BnUetiaNo.34, Preventive Treatment (or Apple Scab, Downy Hildew and Brown I 
or tbe Grape. Fotatoe Bllgbt and the Bmiit o[ Wheat and Oats. January, 'S3. 
Bulletin No. 35, Insects and Diseases Injurious to Cranberries. April, '93. 
Bulletin No. ST, The Russian Thistle, October, '98. 

88. One Hundred American Batlona for Dairy Cons, January, '94. 

39, Noxious Weeds, April, '94. 

40, Tuberculosis and tbe Tubercalin Test. July, '04, 

41, Grain Feeding Lambs (or Market, August, 'W, 
, Deetrucllte EHecU of Winds on Bandy Soils and Light Bandy Leon 
Protection, October, '84. 
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EXPERIMENTS IN SWINE FEEDING- 



W. A. HENRY. 

L — Food Required Dnring Growth by Full-Blood Po- 
land China and Berkshire Pigs. 

The following trial was conducted for the purpose of 

ascertaining the food of growth with full-blood pigs. 

The breed, age, etc., of the animals used was as follows: 



Breed. 


Anima 


Wh^o far- 


Name and AdiJreas of Breeder. 


Poland China, . 


Boar.. 


Mar a*. ISM 


C, M.Brtgham, Hebron, 111. 


Poland Cblni, . 


SOWN" 


1 Apr. II.IMO 


Theo. Louis. Louisville. Wis. 


Poland China.. 


Sow No 


S Mch.S8, 1E90 


Theo. Louie, Louisville, Wis. 


Poland China,. 


Sow No 


S Apr. 4, 1890 


Oeo.Wylle, Leeds. Wis. 


Poland Cblaa.. 


Sow No 


t Apr. 4, 1890 


Geo, Wjlif, Leeds, Wis. 


Berkshire 


Boar.. 


.. reb-85. IfiM 


A. J. Lovejoj & Sod, Rosgob, III. 


Berkshire 


Sow No 


1 Apr. 7. 1B90 


A. A. ArDold. GaleSYille, WlB. 


BerksblTB 


Sow No 


3 Moh.ll, 1890 


A. A. Ariiold,aales.llle. WiB. 




Bow No 
Sow No 






Berkshire 




W.H. Jacobs, Madison, Wis. 



These animals were choice representatives of the breed, 
selected for us by the breeders themselves; they may 
therefore be considered representative according to the 
judgment of friends of the breed. The animals reached 
the Station in August, and beginning with the 18th of 
that month, for 224 days thereafter each was fed sepa- 
rately, all feed being carefully weighed and recorded. 

The sows run together on a good short blue-grass pasture 
until winter, when they were confined in a roomy pen, 
being separated only at time of feeding. The grain fed 
during the whole trial consisted of half wheat shorts and 
half corn meal. The milk was separator skim milk con- 
taining very little fat, and the whey was from our dairy 
school cheese room. During Periods II and III two^ows 
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from each breed received half a pound of cotton seed 
meal daily while two sows and the boar received an equal 
weight of oil meal. At the beginning o Period III these 
two feeds were reversed so as to give a fair average for 
the whole time. 

Our aim in this experiment was to so feed as to keep 
each animal in the best possible growing condition not get- 
ting too fat. Weight considered, it was found that the daily 
food consumption of the animals on this trial was practi- 
cally the same in amount one with another, and this uni- 
formity continued throughout the whole trial. No animals 
were ever sick or off feed, all of which goes to show that 
they were vigorous animals well selected by the breeders 
and that the feeding was carefully conducted. The data 
of this trial occupy nineteen closely tilled pages of figures 
and the tables here given are the summaries of several 
thousands separate weighings of food and animals. 

The following table summarizes the feed consumed dur- 
ing the three periods covering 224 days in all, the weights 
of the several animals at the beginning of Hhe trial, and 
the gains for each period. The sows were all bred dur- 
ing the month of January. 





it 


Feid EiTtH. 


0«.,.,.W>.H.„1>G^. 




1 




1 


i 


1 


SOWB. 




' 


. 3 


' 


A.— Poland China. 




l.bs. 


LbB. 


Lbs, 


Lbs. 


Lba. 


LbB. 


LbB, LbB. 


Lbs. 
102 


Period I 


IM 


2,717 




6.m 


2,600 


159 105 


153j 159 


163 


Period II 


35 


B16 


•eu 


400 


1.640 


US 


31! 




87 




~~m 


ITflTB 


~70 




a, 610 


31 


31 


44 


40 










6,S!M 


0.880 


333 


1132 


24S 


337 


331 




B.-Berk>hlre. 












m 


99 


85 


80 


a 


Portod I 


154 


a,817 




6,139 


i-.SJl 


153 


164 


149 


18i 


18S 


Period II 


35 


616 


to: 


4C0 


1,040 


80] 87 


Sf 




S4 




^ 


m 


SS8 




!(,5S0 






38 










Total 


- 


a.eie 


ISO 


8.S36 


6,814 




3S6 


8^7 


•BSlba. oUmeal. t 


DSIbs 


oElrne 


al. 


:37 


lbs.o 


meat 




531bi 


Ollm 


eftl. 
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The above figures, though greatly condensed and care- 
fully arranged, are still not in shape to be easily studied; 
to make the results of our work plainer let us further con- 
dense and rearrange. To this end we note the total gains 
of the two lots for each of the periods. This was as 
follows : 





Poland 


BertBhlre, 




soaibs. 

ITT lbs 


BlSlbs 


Period II, as daje, gain made 


ITS lbs. 








l,16Slbs. 









We note that five full-blood Poland Chinas, one boar 
and four sows, gained 1168 lbs. in 224 days, while five 
Berkshires gained 1167 lbs. in the same time, or within 
one pound of what the Poland Chinas gained, an agree- 
ment quite surprising. 

Let us next note the food required for 100 lbs. of gain 
during all the periods, which is shown in the following 
table: 

Tdble showing the food required for 100 Ihs. gain, live vreight, with full- 
blood Poland China and Berkshire pigs, during growth. 





Poland 
China <l 


4 BOWS)'. 


Grain 


8!01b9. 
IS lb». 
658 lbs. 


SOT lbs. 


Whey 


B60 1b8. 



The striking similarity of the two columns of figures 
may be made more apparent if we can substitute a grain 
equivalent fovthe skim milk and whey fed. Fjord of Den- 
mark, as the result of a large number of feeding experi- 
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meats with swine,* concludes that one pound of baa-ley or 
rye meal equals 12 lbs. oi whey or 6 lbs. of skim milk. 
If we substitute these meal values of the whey and skim 
milk we have: 



Table shoudng food required for 100 Ibt. of gain. 
Poland Chinat. 

Corn mesl tknd sbortfu above reporud 340 J bs. 

CottODieed meal and oil meal K Iba. 

Meal equivaleut ot E6B Iba. eklm milK 93 lbs. 

Meal equlv^eot tor 589 Ibg. whey 49 Ibe. 

Total grain and eqiuTalent for IbO lbs. gain 497 Ibi. 

Berlahirea. 

Corn meal and uhort* as aboTo reported 827 Ibi. 

Oottonaeed meal and oil meal 16 lbs. 

MealequiTalentor S«0 lbs. skicn milk SB lbs. 

MealequivalBDto(!Sllb«. wber <a lbs. 

Total grain and equivalent [or lOO iba. gain 484 Iba. 

The above table shows that our group of Poland Chinas 
consumed 13 lbs. or 2.7 per cent, more feed while making 
100 lbs. of gain than did the Berkshires. This difference 
is so small that it is believed to come entirely within the 
limits of error for this class of work. By this it is meant 
that were we to conduct a similar trial where both lots of 
pigs were Poland Chinas or both lots Berkshires, there 
might be as large or even a larger difEerence in the weight 
of food required for a given gain with the two lots as is 
here shown. 

Our trial shows that Berkshire and Poland China pigs 
used for breeding purposes after reaching a weight of about 
one hundred pounds can be carried up to a weight of 
.over three hundred pounds on feeds which favor and 
promote bone and muscle growth, with a requirement of 
about 500 lbs. of meal or meal equivalent for each hun- 
dred pounds of increase in live weight. 

* Fodriiigsforsoeg med Svio, 1887. 



D.gitizecbyGoO'^lc 



Agricultural Experiment Station. 



II. — Cottonseed meal and linseed meal as a partial grain 
food for pigs. 

As stated in the previous experiment during the last two 
periods cotton seed meal and oil meal were fed to the full 
blood hogs there under trial. To give more prominence 
to this portion of the work the following statements are 
made : Beginning January 19th, one-half puund of cotton 
seed meal was fed to a portion of the hogs and an equal 
amount of oil meal to the others. After thirty-five days 
the feeds were reversed. The following table summarizes 
the results: 



Table showing the food eonsamed and gain during two periods of 35 days 
each with hogs receiving one-half pound of oiimeal or cotton seed 
meal daily. 







Gain. 


,„..„„. 




S3 


Meal 


Milk. 


Whey 




S83 

UK 


lOS 
106 


«!0 
IMS 

a68 


87 
SB 


leo 




Period n [SB days). * Poland China 




Period lU (35 days), 3 Poland Cbina 


1.B8* 


S61 


.,. 


13S0 


181 


400 


4.980 




aoi 


z 


Oil 
Ueal. 

85 


ISO 
840 




Period n (39 days), a Poland Ohlna 

PerlodracSBdaya), SBertBhlres 

pBrtodm C35dftys), aPolandCblna 


247 
MS 


sss 

1.05B 


S80 


m 


<- 


« 


» 


.,,» 



.ojCooi^lc 



Eleventh Annual Report of the 



Prom the above we deduce the following i 

Food for 100 lbs. of gain with pigs getting onehalf pound each daily of oil- 
meal or cotton seed mnal. 





Hdkh fed 


i;rJS 






Iba. 

339 


lbs. 














107 













Giving to wliey and milk their grain equivalent as used 
in the previous trial, we find that for 100 lbs. of gain, 
live weight, it required 492 lbs. of meal or its equivalent, 
with the pigs getting cotton seed meal, and 516 lbs. of 
meal or its equivalent with the pigs getting oil meal. Our 
pigs receiving oil meal therefore ate 24 lbs. or 5 per cent, 
more of feed than did those getting cotton seed meal. 

Carefully conducted experiments at the Texas Station' 
show that whenever cotton seed meal Is fed in any consid- 
erable quantity to hogs, although they may thrive at first, 
serious losses through death are sure to follow, if the prac- 
tice is continued. In one experiment where twenty pigs 
were used, ten died within ten weeks after beginning the 
feeding of cotton seed or cotton seed meal, and in a second 
that with fifteen pigs seven died from the same cause. 

No deleterious effects were noticed with our pigs, but it 
should be remembered that the experiment lasted only 
seven weeks and that the quantity of cotton meal fed was 
very small. Unfavorable results were not noted in the 
Texas investigations nntil several weeks after the begin- 
ning of the trial. It is probable that cotton seed meal can 
be fed to pigs successfully as in our case where the quan- 
tity of meal so given is small, not over one-quarter of a 
pound daily for each hundred weight of animal. In view 
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of the results at the Texas Station we would not recom- 
mend the use of cotton seed meal in large quantities to 
hogs for any considerable period of time. 



III. The Belatire Value of Cooked and Uncooked Feed 

for Swine. 

In the Fourth Annual report of this Station published in 
1886 the writer gave the details of ten trials in which cooked 
and uncooked feed were fed against one another to swine. 
The results of these trials were, without exception, 
against the practice of cooking feed. Surprised at our re- 
sults the reports of other agricultural colleges and experi- 
ment stations were examined and found to give practically 
concordant results. Briefly summarized these, including 
our own, show as follows: 

Eelative value of cooked and uncooked feed for awini, as measured by the 
amount of food reqaind for a given gain. 

Whole Corn. 

1 Irlal at Kansas ColiegB (Kcp. , Prot. Agr., '88.) 

SCrUtlBSt Iowa Agricultural College (Coburo's Swine Husbandrr). Loia by cooking, IT 
percent. 

Com^taL 
9 trials at Malna OolleRe (Ann. Bept. Trii8[e?s, 1878). 

2 at Iowa (Cobum'a Swiae Uiubandr;]. 

a In Wlscoaam. Lota by cooking, IT per cent. 



S trials at WlecoDsin st 



2 trials at tbe O^tan 

6 trials at Ontario College (Rapt. 1876). Loss by cooking, i per cent. 

Potatoes. 
1 trial at Maine station CBept. ISGB-T), Gain by cooking, \Zpercent. 
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All of these results, except that at Ottawa, with barley, 
rye and pea meal, and the Maine trial with potatoes, were 
detailed in our Fourth Annual Report. Our conclusions 
unfavorable to cooking feed for swine attracted much 
notice, and comments favorable and unfavorable appeared 
in the agricultural press. They also brought consider- 
able private correspondence. Some writers declared that 
it is unreasonable to suppose that a given quantity of 
cooked feed is less nutritious for swine than the same 
amount of i'eed before cooking. Farmers wrote that they 
had practiced cooking feed and never bad their hogs do so 
well by any other system. Had our experiments stood 
alone and unsupported so much opposition would have 
greatly shaken our faith in our conclusions, but the corrob- 
orative evidence was too large and varied to be easily set 
aside. 

There were two points in which we had possibly failed. 
In these trials the feed was cooked by using a steamer — 
that is, steam was generated in one vessel and forced 
through a pipe over to the bottom of a second which held 
the wet feed. The meal was well stirred and always 
thoroughly cooked. It was barely possible that this form 
of steaming was not the most satisfactory, though it 
seemed the best plan that could be devised. The uncooked 
meal had in all cases been fed dry, a practice not satisfac- 
tory as shown by later trials. In most all of these trials 
our hogs, getting both cooked and uncooked feed, had not 
made as large amount of gain from a given weight of feed 
as was shown possible by later experiments. It was such 
considerations as these and to gain still more experience, 
that led the writer to undertake the experiments here re- 
ported in order to obtain further light on this important 
subject. 

In the experiments here reported the meal was in each 
case cooked in a large iron kettle or caldron by first bring- 
ing the water to a boiling point and then adding a little 
salt and stirring in the meal gradually until a thick mush 
or pudding resulted. The boiling was continued for 
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about fifteen minutes, the attendant stirring constantly to 
prevent burning. The greatest care and attention was 
given to making a pudding just as palatable as possible 
for the hogs. 

The animals under trial were always divided into two 
lots, as even in all respects as possible. To one was given 
as much of this cooked meal as the animals would eat with 
relish, care being taken that no feed should be left re- 
maining in the trough. The mush was always given 
warm at about 100° temperature. With the hogs getting 
uncooked feed the meal was placed in the feed trough dry 
and hot water poured over it, stirring with a stick until 
water and meal were well mingled. It was arranged that the 
temperature of the mixture should be the same as with the 
cooked feed, thus giving neither tot an advantage over 
the other in the temperature of food at feeding time. In 
the first three trials a third lot of pigs was fed part cooked 
and part uncooked feed, the quantity being as nearly an 
equal mixture of the two as the attendant could well make 
it. In all cases the weights reported are accurately given 
for the dry meal. 

FIEST TEIAL. 

Our first experiment was with a lot of 15 full-blood and 
6 grade Berkshire pigs, divided into three lots of seven 
each. Pigs numbered 1 and 2 in the following table were 
grade Berkshires, those numbered from 4 to 7 inclusive, 
were eligible to registry. Their previous feed had been 
corn meal, shorts and milk. On September 21 they were 
placed in their respective pens, each lot receiving for feed 
and equal weight of corn meal and shorts. For Lot I all 
of the grain mixture was cooked. For Lot II it was fed un- 
cooked, being moistened just before feeding time. To the 
pigs in Lot III was given as nearly as possible a mixture 
of equal parts of cooked and uncooked meal. As customary 
with us the several lots were fed on their respective feeds 
for one full week before the experiment proper began, we 
believing that this preliminary period is necessary in order 

L;.g,l,zetoyGo0^^lc 



u 



Eleventh Annual Repoet of the 



to get the animals filled up and gaining normally. For 
convenience of study we have grouped the trials into 
periods of four weeks each. 

Table showing the results of feeding cooked and uncooked and a mixture 
of cooked and uncooked food to piga . Eaehperiodi weeks. 



Lot I.— Cookid Fibd. 





Grain Fed. 


HILk 


Weight of Pigs. 






Cook'd. 


Un- 
cooked. 


1 


lbs. 


8 
lbs. 


lbs. 


5 
bs. 


6 

lbs. 


lbs. 


Total 

gate. 




lbs. 


lb«. 


lbs. 


lbs. 


























Period I 


s:a 




482 


3C 


51 


48 


87 


SB 


42 


40 


298 


PflriodU' 


l.OW 






SO 


W 




U 


27 


as 


24 


91« 


Pariodm 


l.Ml 

T.oiT 


E-. 




rtn 


i3 


26;S8 


23 

"is 


n 


28 


180 


Total feed and gain 


488 JM 


m 


8» 


10. 


92 


864 





Lot ir.-Unco 


oked Feed 














Weight Sept. B8 








88 
S5 
Bl 
S4 


S8 
30 


SB 87 IIS 




942 


482 


BS 


sa 












24 Ib9 
27 81 

"ST ioT 


85 
48 




Period ni 

ToUl teed Mid gain 


i ■•"• 


229 



Lot HI.— Fart Cooked, Part Uncooked Feed. 



Periodll I 890 55, 

Period m.. 663 62' 

Total feed and gain l.OSl ' 1.50 



111 


no 


90 


112 


109 


87 


St 


87 


45 


4S 


Si 1 41 


41 


83 


US 


30 


28 


87 


80 


81 


26 


24 


S5 


80 


4! 


37 


95 


Si 


S9 


110 


,08 


,80 


98 


97 


81 
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SECOND TRIAL. 

The pigs used in this experiment were Berkshires 
eligible to registry. All had been fed corn meal and 
shorts equal parts by weight before the trial began. 
Twelve pigs were divided into three lots of four each and 
given cooked and uncooked feed under conditions similar 
in all respects to that described in the first trial. The re- 
sults are embodied in the following table : 



Table ahoutiiig reguUs of feeding cooked and uncooked aitda 
cooked and uncooked feed topiga. 



%lxture of 



Lot I 


—Cooked Feed. 




of 






arain Fed. 


Weight and Qai 






Cook'd 


Un- 
cooked, 


. 


^ 


. 


. 


Total 
gain. 




lbs. 


IbB. 


83 


ei 

S8 
S6 


BO 


IB 

» 
IB 


lbs. 


Feed and gain, Period I (4 veeks) 

Feed and gain, Period II C* waekB) 

Feed and gain, Period UI (4weeks) .. 
Tot*l 


478 
6?7 

1.6IT 




IM 
104 

m 


Lotir. 


-Uncooked Feed 












8fl 
38 


as 
so 


BH 


63 
IB 








4Sr 

BBS 

1,«03 


m 






lie 












— - 


— m 












x.,™.-,.^ 


Part Cooked, F 


art Uncooked. 










8S 

40 


4S 


T7 1 79 

^ I an 




Feed and gain. Period I C* Tecke) 

Feed and gain. Period 1I<4 weeks) 

Feed and gain. Period III (4 weeks) 


SSI 


!t48 


13S 


Total 


B7 


" 


m 


m . M ax 


SS3 
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THIRD TRIAL. 

The hogs used in the third trial were cross-bred Berk- 
shire-Yorkshires from registered sire and dam; their 
previous feed was corn meal, skim milk and shorts. They 
were divided into three lots of two each and fed under 
conditions similar in all resperts to those in the other trials. 



Table thounrtg remits of feedin-j cooked and uricooJced and a mixture of 
cooked and uncooked feed to hogs. 



1 





Feed. 


Weight 


o,P.„ 






I Un- 
Cook'd. cooked. 


. 


^ 


gain. 




». 1 ,„. 


IbB. 


lb». 


lb*. 












Feed and gain, Period 1(4 weeks) 


au 




80 


SO 


reed aad gain, Period n{*weeM> 


34a 


!^ 


Si 


es 


Total 


71 


US 





Z»l 11. 












87 
IB 


as 

31 

-«- 








. ... 
















■"*" 




«ciS 


" 


141 









147 






Feed BDdgalD, Period I (tne«^g) 


175 


167 


37 




74 


Feed and gain, Period U {4 weeks) 


XX 


177 


41 


31 


72 


Total 


371 


314 


78 


e8 


IM 
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fourth trial 

In this trial pigs 1 and 2 of each lot were Poland Chinas, 
the others Berkshires, all eligible to registry. Their 
previous feed had been corn meal, shorts, oil meal and 
skim milk. 

The feed during this trial consisted of fwo parts corn 
meal and one part shorts, the methods of preparation and 
feeding U'ing similar to that of the preceding trials. In 
this tria. only two lots were fed. one getting cooked feed 
and the other uncooked feed. The trial lasted ten weeks, 
with the following results; 



TaMe showing remits of feeding cooked and t 


neookedfeed topigs. 




Feed 


ISSfi 


Weight 
Bf LotU. 




Cooked, 


Un- 


Cooked. 


Un- 
cooked. 


Weigbt MbeelDDlDgiNoT. I , 


],»S 


3,518 


1,087 
MS 
810 


lbs. 
1,081 












ToUl 


!,S01 


7,94 


7r» 



Weight and gain of individttal pigi. 





■ 




8 


4 


6 





' 


8 


8 


10 


Av. 


LOTI. 


lb>. 


lbs. 


lbs. 


Iba. 


Ibt. 


Iba. 


lb*. 


Ibi. 


Iba. 


Iba. 


Iba. 


CcKiked Feed. 
























Wgt.«t beglnQlQg.. 


lOS 


lOJ 


M 


lOS 


07 


108 


102 


107 


as 


108 


m.7 




73 


6S 


re 


81 


SO 


60 




flS 


BT 


80 




Lorn. 




nocooked Feed. 
























Wgt. at begioalDE.. 


lor 


IdB 


loe 


107 


0! 


lOB 


m 


101 


lOS 


lOS 


106.8 


Gain. 


84 


91 


100 


80 


79 


tn 


78 


70 


SI 




77.8 
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fifth trial. 

In this trial pig No. 1 of each lot was a cross-bred 
Poland China-Berkshire, the others full-blood Poland 
Chinas, eligible to registry. As in the last experiment the 
feed consisted of two parts of com meal and one part 
shorts, all other conditions being similar to the previous 
experiments. This trial lasted but two periods of four 
weeks each. The following table gives the results : 

TabU showing residta of feeding cooked and uncooked feed to hog». 





Food. 


W„.„o,P.... 


Total 

ealQ. 




CookBd 


cooked. 


■■ 


•■ 


!. 


i. 


W«igbt Bt begbmiDs. Dec. lat 

Foodaniigain, Por.I(4weekB) 

Food and BBln, Par, 11 (< weeSa) 


BIB 


lbs. 


US 

to 


8J 


Iba. 
I8T 
11 


lbs, 
1D0 
4S 

as 


186 


■^"" ■■ 


i.aw 




es 


as 1 93 


SI j 307 



Weight at begliming, Dec iBt 

Feed and gain, Per. I(4we«eB) 

Feed and (tain. Per. II (4 weeks)... 



ae j 41 S3 isi 

a&\ S3 I 40 UK 
7s\ 7« I 73 BOS 



Let us next condense the results of these tables for the 
purpose of easier study. To do this we obtain the amount 
of food required for 100 lbs. gain live weight during each 
of the periods for the several trials. This result is shown 
in the following table : 
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Table thowifig amount of feed required for WO lbs. ,norease, Hveieeight, 
xeith cooked or uncooked feed, by periods of four weekt each, and for 
whole trial. 





c™„„. 


UMCOOKBDFaan 


FltED. 




fc',£' 


(rial. 


*». for 
period 


Av. for 


iJ"S:«a' 




ItH. 

578 


lbs. 
its 


lbs. 
849' 

181 


lbs. 

4a8 


lbs. j lbs. 




' 




1 






Average 





i '" 


Bscoid trial, Period I (4 weeks) 

Second trial. Period n (4 weeks) 

Second trial, Period 111(4 weeks) 


SOD 

3S4 


418 


444 

406 




497 


«1 ' 

4H ' 

4BI 
















418 
S»8 


! m 





1118 




Third trl»l, period I[ (4 weeks) 














■ 


Fourth trial. Period 1(4 weeks) 


431 

m 


413 


4es 

41B 

m 
















4S1 
























8T0 
480 


4ai 


no 


















449 
























""••'"««» 




430 




"' 




4A8 
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Our general average shows that for the whole five trials 
439 pounds of meal after cooking were required for 100 lbs. 
increase live weight, while 454 po-mds of uncooked feed 
produced the same result. Here is a saving of 15 pounds 
of meal on 439. through cooking, or 3.4 per cent. For the 
three trials with part cooked and part uncooked feed the 
result was intermediate between the two just reported. 

The amount of food required for 100 lbs. gain in these 
trials was remarkably low, and the writer believes cannot 
be duplicated only under the most favorable circum- 
stances as to animals, feed and cotidition of feeding, and 
that not for long feeding periods. 

As a result of these trials we may say that under the 
most favorable conditions we have been able to secure, 
and with the greatest care in the preparation of the cooked 
feed, we were enabled to make a saving of 3.4 lbs. of meal for 
each 100 required when feeding cooked and uncooked meal to 
swine. With the number of pigs fed on an ordinary farm 
it would not be profitable to attempt such a saving; in 
very large establishments it might pay. 



IT .—Wheat as a Food for Fattening Hogs. 

The steadily falling market value of wheat for several 
years past has finally brought that grain to a position 
where it is a competitor with corn as a food for live stock. 
The following trials were conducted for the purpose of 
comparing the value of wheat with corn as a food for hogs. 
The wheat used in these experiments was No- 2 red winter 
wheat, carefully cleaned, and reduced to a meal by grind- 
ing. The corn used was No. 2 western com, reduced to 
meal. In both cases the meal was made into a slop by 
mixing it with water just before feeding time. The pigs 
used in these trials were Berkshires, eligible to registry. 
The preliminary feeding trial, which is always a week with 
us unless otherwise noted, was here six days in duration. 
The following table shows the results of the first two trials : 
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Table shouting the results of feeding wheat against com to hogs. 



Lot I^Wheat meal. 














Fi^d 


H MOHT OF PIQB. 






Lb.. 

BOS 


Lba. 
38 

sg 


87 


3 

LDJ. 

a? 


gain. 


Weight «l begloning, March 12 


Lbi. 








~ 













Lot II— Ont-half wheat meal, one-half co 







111 


1» 
84 


111 










Feed and giln, geooDd ft weeki 

Total feed and gain 


«r 

DS8 


8S 


^ 











SECOND TRIAL. 







I^tJ- 


H/S*a 


mtal. 




















i 


185 
40 


101 


lai 

80 












Feadandgaln.Be. 


and G ireeka . 
K^o 





































Lot II -One-half wheal meal, one-half eorn meal. 



Wolghtatbeglnnlng, March 13 


B3) 


103 
40 


llfl 

Si 

S8 


a 






101 








l.OSl 


















THIRD TRIAL. 

In the above table we note that in both eases a mixture 
of wheat and corn meal did better than wheat alone, though 
the difference was not very marked; this led us to devise 
the next experiment, in which there was a third lot of 
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pigs, these getting corn meal. By this means we can com- 
pare eorn meal alone with wheat meal to note which has 
the higher feeding value, when fed separately, and also the 
results of using a mixture of the two meals. 

In this experiment Lot I received wheat meal. Lot 11 
half wheat meal and half com meal, and Lot III corn meal 
only. In all cases the meal was mixed with water to form 
a thick slop just before feeding time. Pig No, 1 in each 
lot was a Berkshire, the others Poland Chinas, all eligible 
to registry. Our experiment was divided into three periods 
of three weeks each. 

Table ahotcing the results of feeding wheat meal, e.or.n meal and a mixture 
of wheat meal and com meat to hogs. 





Feed 


QiiH or PiQS. 


T«U 






' 


' 


* 






Lba. 

m 

418 

881 


Lbs. 

m 
ss 

B8 
E6 


Lbs. 
2!6 
SB 
19 


Lbs. 
SM 

K 
(7 


Lbs. 








71 


riiwl and gain, third thaee weekB 


ts 




Law 



















Lot It-One lialfwhea 


meai. 


oM-hoVeommeol. 








WBlBht tb Bi 1 M his 


404 

m 
m 




SI 


30 
37 






Wl 






Peed and mId. third three weeks 






64 


Total feed and ^[u 























Lot III— Com m 





404 

S74 


80 30 




Feed and gain, flrat three weeks 


££ , es 


Feed and gain, third thn-e weeks 




Total teed And gfjQ 


l.«S 


|-:-.|*« 
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In order to better understand tliese tables let us ascertain 
the feed required for 100 lbs. of gain in each of the trials. 
This is as follows: 

Table ahoioing the feed required for IQOlbs. of gain with wheat, with half 
wheat, half com meal, and with corn meal. 





Wheat 


RM wheat 
meal, halt 
aora meal 


Cora 




Ml 
SOX 
63a 


490 


Lbs. 


Second trial 


499 


Average 


SIS 


t03 


*90 



We note in every case in these trials that for 100 lbs. 
increase, live weight, more wheat meal was required than 
of the misture half wheat meal and half corn meal. In the 
third trial the mixture of wheat meal and corn meal was 
more elfective than either wheat meal or corn meal when 
these two were fed separately. 

These trials are too few in number to warrant any gen- 
eral conclusions, but they go to show that for fattening 
hogs wheat meal is not quite so valuable as corn meal, 
pound for pound, and that a mixture of wheat meal and 
corn meal is more efficieot than either meal fed separately. 



T. — The Talue of Pigeon-grass Seed for Swine Feeding. 

In the great spring-wheat region of the northwest pigeon- 
grass is a common weed in the wheat fields, and its seed 
often forms an appreciable part of the wheat crop. Often 
the wheat growers do not properly grade their wheat be- 
fore selling so that this seed finds its way to the mills and 
elevators where it is separated and accumulates in large 
quantities. In the effort to determine whether this seed 
was of value for pig feeding, a quantity was purchased in 
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the fall of 1893 from Hubbard & Palmer,, millers, Man- 
kato, Minn., the price being ^.00 per ton atthe mill. This 
low price shows that pigeon-grass seed is not very highly- 
appreciated by the farmers in the sections where it grows. 
The seed was fed ground. In a preliminary trial it was 
found that the pigs did nob like this material in the raw 
state and could only be induced to eat any considerable 
quantity of it when the ground seed was mixed with corn 
meal; this objection was quite largely overcome by cook- 
ing the seed. Accordingly we planned our experiment to 
feed one-third pigeon-grass seed meal and two-thirds corn 
meal, both uncooked, to one lot of pigs. To the next lot 
was fed about two-thirds cooked pigeon-grass seed meal 
with one-third uncooked com meal, while the third lot, 
used as a check, received uncooked corn meal only. With 
the cooked pigeon-grass seed we could not feed in the 
exact proportions stated, owing to the difficulties of meas- 
uring out the cooked feed in the proper proportions daily. 
Our figures give the exact amounts consumed in each case. 
The experiment was duplicated with a second lot of pigs 
under conditions similar to the first lot. The pigeon-grass 
seed meal was prepared by stirring the meal into a kettle 
of boiling water to which a little salt had been added, and 
continuing the boiling for fifteen minutes, the attendant 
carefully stirring the feed the whole time to prevent burn- 
ing. The hogs used in the first trial were Poland Chinas 
and those in the second Berkshires, all eligible to registry. 
The following table summarizes the results of the two 
trials : 
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Tiible showing the reeults of feeding cooked and uncooked pigeon-grasa 
seed meal with corn meal to hogs. 



Lot l.~-Cooked plgeon-graie 


.■d«,al=.j™ 


miMwi. 








Feed Coksdmid. 


Wmoht of Piob. 






Com 

meat 


PIga«.-gr««. 


■ 


• 


■ 


Total 
gain. 




°»« i« 




Feed ttndKaln <5 i.eeks) 


LbB. 


Lbs, LbB. 
BIB . , .. 


Lb«. 


Lbs. 


Lb«. 
60 


Lba. 
1S5 



Lot n.— nncooL-eii pigeon-grot 


tentm. 


ttJond 


■orn, 


eal. 






Weight at besloalDg, March 13 

Feed and gain Oi wealM) 40L 







"^' 


MO 


SUi 


!68i 


110 



Weight at begiaolng, Uarch 18 . . 
FeedandgalD (9 weeks) 



SB 80 4T lie 



SECOND TRIAL. 



Lot I.— Cooked pineBaarnea teed meal and com meal. 



Weight at beglBQiDg. Uarch 13. . . 
FeedandgalD (B weelta) 









219 


mx 


S49 


so» 


«2 




6B 


SB. 


38 



Lot IL— Uncooked pigton- 




eeed meal and com meal. 














S8 « 


sr 




Feedandgaln csveekg) 


a 


5. 




m 


91 



Weight at begLiiDiag. Bf arc 
Feed and gain (B weeka). . . 



Reducing the above figures we get the following as the 
feed required for 100 lbs. increase, live weight, with the 
several lots: 
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Food for 100 lbs. increase, live weight — average of two trials. 

Corn met! only SS5 lbs, 

OoS'tbird uncooked pigeon-ETaga seed meal ( .„ ,. 

Turo-Uilrd) earn meil ( «» ini. 

Two-thirds <aboutl pifteongrass ee&d meal 1 ,aa ii.. 

One-thtra com meri } WW IDB. 

The above shows that where two-thirds of the feed con- 
sisted of cooked pigeon-grass seed somewhat less of the 
mixture was required for a given increase than with corn 
meal alone, while where one-third uncooked pigeon-grass 
seed with two- thirds corn meal were used a larger amount 
of feed was required for a given increase. 

The above table shows that the best returns for feed was 
with the lots getting cooked pigeon-grass seed meal and 
corn meal ; that the lot getting uncooked pigeon-grass seed 
meal and corn meal gave the poorest returns, with corn 
meal intermediate. Let us next study the total feed con- 
sumption. If we add together the total meal consumed by 
pigs on the same kinds of feed we have the following : 



• 


Total reed 


Feed for 100 

lbs, gain. 




1S8I Iba. 

lOJSlba. 




Lotll, bothtrtale, ooromealonlr 

Lot m. both U1<U>. uncooked grass ie»d meal aud uorn meal 


I»5ll>r 



The above shows in a most interesting way that the hogs 
consuming the largest amount of feed during the experi- 
ment gave the best returns for the food consumed, while 
those consuming the least food required the largest amount 
of feed for 100 pounds of increase, live weight. In all 
cases in these trials the hogs were fed all of the meal that 
they would consume, the troughs being cleaned up each 
feed time. It is evident from our figures that cooking the 
pigeon-grass seed meal made it more palatable and. pos- 
sibly, more digestible. 

From our preliminary investigations and these trials we 
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conclude that hogs will not take kindly to a feed where 
more than one-third of it consists of pigeon-grass seed 
meal, and that with a ration of one-third pigeon-grass seed 
meal and two-thirds corn meal somewhat more feed is re- 
quired for a given gain than with corn meal alone. When, 
however, the pigeon-grass seed meal is cooked, as much 
as two-thirds of the ration may consist of this material, 
and that when two-thirds of the ration is cooked pigeon- 
grass seed meal and the other third corn meal a gain may 
be produced with less pounds of the mixture than on corn 
meal alone. 

By comparing the results of these trials with those where 
wheat meal was fed to pigs it will be found that our pigeon- 
grass seed meal compares very favorably with that highly 
prized food article. 

These experiments are commended to the attention of 
those farmers who deliver their wheat to the elevators un- 
cleaned, and thereby receive a lower price for their wheat 
crop. 
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RAPE FOR FEEDING SHEEP. 



JOHN A. CRAIG. 

As the introduction and history of this crop has been 
amply and ably treated in the publications of the United 
States Department of Agriculture, this report will be con- 
fined closely to our Station experience in growing this plant 
and feeding it to sheep. Our experience dates from the 
summer of 1891, and each succeeding year it has been tried 
with varying success. The first trial of the crop resulted 
in a fair growth, but just previous to the time that it could 
have been fed to sheep, the plant lice attacked it and in- 
jured it to such a degree that no experiment could be 
tried that year. Our flock of sheep were turned on it and 
they ate it though they did not relish it with the lice so 
numerous. We were unable to do anything to check the 
ravages of these insects, as they increased vi'ith wonderful 
rapidity during a few warm and dry days. 

The next trial resulted in an experience with the wrong 
variety of rape. There are several varieties of this plant, 
and with many others we grew, in 1892, a hybrid variety 
that was practically worthless as a fodder- It flowered 
and produced seed early in the first season which the true 
fodder rape does not do. The sheep were turned into it, 
but there was very little feed for them, as the leaves were 
small and the stalks large. 

The next year, 1893, rape was tried again and its value 
for fattening sheep was fairly tested. The piece that was 
grown was comparatively free from lice and those that were 
on it did not affect it to any noticeable extent. 

This summer, 1894, the crop was most satisfactory in 
every way. About two acres was experimented with in 
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the different methods of growing the crop and feeding it 
to the best advantage. The results from the several years' 
experience that we have had with the crop are embodied 

in observations that follow, 

I. Culture of Rape. 

1. THE RAPE PLANT. 

The photographs of a typical rape- plant and the crop 
growing in the field which are shown herewith (Figs. 1 and 
2) will convey a correct impression of the nature of a plant 



10. 1.— Rape PiBDt, BhawiDg growUi of Ciro monCbs od etatlou (arm, July to August, 1S94. 

of the Dwarf Essex variety. It is a member of the same 
family as the turnip and the radish, and has their peculiar 
taste, but it grows quite differently. It is like a turnip that 
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has grown altogether to top. The root is fibrous and has 
no resemblance whatever to the bulb of the turnip. The 
leaves grow large, thick and plentiful, and it is these that 
the sheep eat. 

The Composition of the Plant. — Analyses of the plant in a 
green state show it to contain a great deal of water. Mr. 
Woll found representative plants from the crop of this year 
to contain 88,2 per cent, water, and in an analysis made by 
Dr. Voeleker the percentage of water was 87. In the lat- 
ter analysis the flesh-forming or nitrogenous constituents 
were iS.l per cent., the heat giving and fat-forming consti- 
tuents 8.2 per cent., and the ash 1.6 per cent. From its 
analysis it will be seen that in respect to its composition, 
the plant has no special commendation. The chief value 
of the crop lies in the quickness of its growth, the amount 
of feed it produces, the facility with which it may be util- 
ized for sheep feeding, and the fact that the sheep are 
very fond it. 

Varieties of Rape. — There are a number of varieties of 
rape, and they each have a distinct use. Some are grown 
for the seed alone — they flower the year they are sown — 
and others of the fodder variety are used solely for feed- 
ing green; these do not produce seed until the second 
year. There are hybrid varieties between these, but the 
variety which is the best for feeding is the Dwarf Essex 
Fodder rape. As a provision against the possibility of 
sowing the wrong variety it may be well to state that the 
bird seed rape which is grown for its seed alone has 
smaller seeds than the fodder rape. Eighteen of them may 
be arranged on an inch line white only about fourteen of 
the fodder rape seed will extend over a similar length. 
The bird rape seeds are of various colors, brown, yellow, 
or tints of these, while those of the fodder variety are a 
uniform black. The taste of the bird seed rape is sharp 
like that of a radish, while the fodder rape seed is milder 
in flavor and slightly bitter. 

After the plants are out of the ground, there is a mark- 
ed difference in the leaves. The second leaf of the fod- 
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der rape is like that of a Swedish turnip, being smooth, 
while those of the bird rape are hairy like the leaves of 
the young mustard plant. The bird rape grows a hard 
stalk which soon throws out flowering branches, and it is 
not long until the small clusters of yellow flowers appear. 
The fodder rape, on the other hand, grows large leaves 
and does not show any indication of flowering the first 
year. 

The use of the fodder variety is mainly confined to sheep 
feeding, though pigs are fond of it and cattle like it. 
Owing to the economical and easy manner in which the 
crop may be utilized by hurdling sheep on it, there is 
every reason for believing that the crop will continue to 
be considered one specially adapted to them. 

2. THE SOIL FOE THE RAPE. 

The first trial we made with rape was on soil that was 
light, friable, and somewhat sandy, without much vegetable 
matter. The rape made a moderate growth. The next 
year part of it was grown on soil that was still freer from 
organic matter and on this the crop was comparatively 
light, while in a lower piece, richer in vegetable mould, 
the yield was much better. The, last trial was made on 
land that had never been broken before and the result was 
the best piece that we have ever grown. Our trials cor- 
roborate the general experience that soils rich in veget- 
able matter, that are warm and friable, will produce excel- 
lent crops. The plant is a rank grower and should have a 
soil enriched by heavy manuring as well as one worked to 
fine tilth. 

3. SOWING. 

The crops grown at the Station farm have been mostly 
drilled, and the drills were level and not raised. As to 
broadcasting or drilling no direct experiments have been 
made at our Station and we are not in a position to say 
which will give the most satisfaction for sheep feeding. 
When broadcasted the stalks do not seem to grow as large 
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. they seem to be erisper. The drilling 
age in that it may be cultivated while 
;, and that helps it and also cleans the 
always been drilled level with us for' 
ing does not seem to have any advan- 
D consideration is to tide the crop over 
The seed was put in with a Planet 

eed. — The quantity of seed to sow de- 
the conditions present in each case; it 
iDce that it is best to sow heavier than 
recommended. The best results that 
itained were secured by sowing at the 
per acre in drills, When sown broad- 
will likely give the best growth. 
—The greatest certainty in gettinjf a 
checked growth has been secured by 
: a favorable time during the third or 
. When the hot and dry season arrives, 
cient matured to resist it and the crop 
a season when it Is most needed. It 
to sow several pieces two weeks apart 
intinuously supply of good feed can be 
7n in June the rape will have to be fed 
ugh if the first ' crop were cut about 
i ground there would be an aftermath 
hat would be useful after that time. 
lock a piece should be sown early in 
ing lambs it must be sown about the 
?ith some even later, and the chances 
ding the drouth, 

7iA Other Crops. — The practice of sow- 
1 ha.-? been tried with varying success. 
s has been stated by those who have 
:tory. After the oats are cut the rape 
adcasting it in the corn after the last 
recommended, but our ex"trience of 
it been such as to lead us to commend 
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the plao. The rape does not make much growth w 
corn is standing and the time of the removal of th 
is so late that the rape does not have time to grow su 
ly to make satisfactory fall feed. 

II. Harresting the Rape. 

As far as we know the only two practical met 
utilizing the rape crop for sheep feeding are er 
■when the crop is in a green condition. They co 
either cutting it and feeding it to the sheep or 
the sheep on a piece of it and allowing them to eat it 
desire it. It is easy and desirable to adopt the first 
in the instance of the breeding flock for the ewes a 
and possibly for the lambs; bat for fattening shee] 
ing them to feed it off is safe, economical, and in 
troublesome. 

Cutting the Rape. — This summer half an acre of gc 
was measured off with the purpose in view of ci 
and feeding it to the breeding flock. The rape ' 
daily as needed and fed twice each day to all the b 
ewes. The ewes were kept most of the time on . 
piece of pasture, and the rape was cut and thro' 
ihe hurdle to them. The rams were fed mostly one 
and the same course was adopted in the instance 
ewe lambs. On August 16th the rape was first fed 
and at that time there were 62 ewes, 26 ewe lamb 
rams receiving it in the manner described. The she 
given from 300 to 850 lbs. daily with no grain and 
amount of pasture in addition. These figures aff 
means of forming an indefinite idea of the amount 
there was in the half acre for the sheep; a more a 
estimate can be made from the weight of rape tl 
cut from the piece. 

The Amount Cut from a Half Acre. — The first cutti 
done on August 16th and continued until Septembi 
just about one month. The rape could have b 
quicker, but it was delayed so as to get as much 
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possible for the breeding ewes. Prom the half acre there 
•was cut 9.75 tons of green rape, or it yielded at the rate 
of 19.5 tons per acre. 

The rape was cut as close to the ground as possible and 
notwithstanding this, it soon began to send out a second 
growth. This was also cut and fed, but owing to the late- 
ness of the season, it was not considered worth the trouble 
to cut it carefully enough to weigh it. If the rape had 
been cut earlier, the second growth would have supplied 
considerable feed, though it would not likely be as nutri- 
tive as the first cutting. 

Different Methods of Cutting. — A trial was made in a small 
way of cutting the rape in different ways. Twenty rows, 
fifty feet long and thirty inches apart, that had been sown 
June 18th were selected. When the rape had grown suffi- 
ciently to be ready for the first cutting (August 29th), five 
of these rows had the leaves twisted off the stalks eight 
inches from the ground. At the same time five other rows 
were cut eight inches from the ground, five more four 
inches from the ground, and tbe remaining five were cut as 
close to the ground as possible. 

On the 29th of September, one month from the first cut- 
ting, the rows that had been twisted as well as those that 
had been cut eight inches from the ground, were ready to 
be treated in the same way again. This was done, while 
the other two of the series were left undisturbed. On No- 
vember 8th all the rows were cut close to the ground so 
that the yield from each method could be compared. 

The results obtained were as follows : 
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These rows were carefully selected and the results are 
trustworthy and suggestive as far as they go, but as they 
are the outcome of only one test they cannot be accepted 
as conclusive. 

Comparing the practice of twisting off the stalks with 
the cutting, the results are in favor of the latter; also in 
respect to the despatch with which the work may be done the 
cutting has the advantage. It was noticed that the sprout- 
ing of the new shoots from the stalks treated in these ways 
was guite different. Those that had been twisted made a 
scattered and open growth, while those that had been cut 
sent out a great many small shoots that formed a close, 
compact head. A comparison of the two methods, cutting 
four inches from the ground and cutting close to the 
ground, shows a very decided advantage from cutting the 
stalk four inches above the ground. A difference of 85^ 
lbs. on a small piece of rape — about one one-hundredths of 
an acre — would make an appreciable difference when ap- 
plied to an acre. 

It may be interesting to note, though it is hardly legiti- 
mate to do so owing to the email amount tried, that the 
two cuttings four inches from the ground yielded at the 
rate of 36 tons per acre. Even if that is close to 90 per 
cent, water, it represents a large amount of feed for sheep. 
This rape, when cut, had not made quite as good growth 
as the rest of the field that was being cut and fed to the 
ewes, so that "the large amount of fodder obtained must be 
credited to the treatment and not to an exceptional crop. 

III. — Fattening Lambs on Rape. 

When lambs are being fattened on rape it is customary 
to use hurdles or movable fencing. By this means the 
lambs may be given definite areas of fresh rape at fre- 
quent intervals. Although there is not much danger when 
the lambs are turned into the field to eat it at will, yet 
it is much the safer method to limit the quantity they shall 
j-eceive, 
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There is some danger from bloating and to prevent this 
the best means is to provide hurdles. The area that should 
be given the sheep depends entirely on the number that is 
to be fed, but after one or two trials of small pieces the 
feeder can generally tell how much they should be given. 

A Gfieap and Useful Hurdle. — The hurdle appearing in the 
sketch, Fig. 4, is in general use for this purpose and has 
been employed on our station farm for some years past; 
it has given good satisfaction for sheep fencing and for 
pig paddocks. The material .used for the hurdles Is one- 
inch pine or hemlock. The lower piece in the panel is six 
Inches wide, the rest are four. The panels are 12 ft. long 
and 3 ft. 2 in. in height; the pieces into which the panels 
fit are 4 feet high and 8 feet 6 inches wide at the base, and 
the ends meet so as to form an equilateral triangle. In 
erecting the fence the ends o£ the panel fit into the 
notches in the end pieces. 

1. FIRST TRIAL OP RAPE FOR PATTENING LAMBS. 

On October 13th, 1893, sixteen wethers, eight of which 
had been shorn and the remaining eight unshorn, were 
hurdled on seven-tenths of an acre. The week previous 
to this the wethers had been on a poor piece of rape and 
had received oats and pasture in addition. When the feed- 
ing started, October 13th, the lambs were getting J- lb. of 
oats per head daily. After a week's feeding on this the 
grain ration was changed to one-half corn and one-half 
oats, by weight, and this mixture was continued until tne 
sheep were taken off the rape. About one-half pound per 
head of this mixture was fed daily. The wethers had, in 
addition to the three-quarters acre of rape, a very small 
strip of waste pasture, too small to be worth calculating. 

Food Eaten and Gain Made. — At the end of twenty-five days, 
ending November 7th, the sixteen wethers had eaten the 
seven-tenths of an acre of rape. They had also eaten in 
that time 153^ lbs. of oats and 97^ lbs. of corn. 

When the wethers were put on the rape October 13th 
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tHey weighed a total of 1,260 lbs., and when they were 
taken off, November 7th, they weighed 1,409 lbs.; i. e., a 
gain of 149 lbs. in 25 days, or a weekly gain of 2.6 lbs. per 
head. 

Considering the trial as a commercial transaction, the 
oats may be charged at $18.00 per ton or .9 cents per lb., 
and the corn at $15.00 per ton or .76 cents per lb., making 
the cost of the grain $2. 12. Valuing the wethers at 3i 
cents per lb., their actual cost when put on the rape, and 
4 cents per lb. at the end of the trial, which price they 
brought in the local market, the seven-tenths of an acre 
was worth about 810.14, or at the rate of $14.48 per acre- 

2. SECOND TRIAL OP RAPE FOR PATPENING LiMBS. 

On August 15th, 1894, a piece of rape exactly one-half acre 
was measured, and 23 wethers were turoed into it. One 
died shortly afterwards from inflammation of the lungs due 
to exposure, leaving the number twenty-one. The rape 
had been sown June 18th, at the rate of 3 lbs. per acre in 
drills 30 inches apart, and had received two cultivations 
July 3rd and 9th. In addition to the rape the wethers 
were given daily an hour's feeding on ordinary blue grass 
pasture. For first four weeks they received ground wheat 
as a grain ration. At the end of that time the ration was 
made 2 parts ground wheat and 1 part oats, and this was 
continued for five more weeks. During the remaining or 
last week the grain mixture consisted of 1 part oats, 1 
part wheat and 1 part oil meal by weight. The amount 
of grain fed per head daily was about one-half pound at 
the beginning and about one and one- half pounds at the 
end of the ten weeks. 

Gain in Weight. — At the end of the ten weeks the twenty- 
one wethers had eaten the one-half acre of rape. When 
put on it they weighed a total of 1622 lbs. and when taken 
off a total of 2035J- lbs. or total gain in ten weeks of 413^- 
lbs. which amounts to within a small fraction of 2 lbs. per 
head per week. 



Agricultural Expbrimbnt Station. 39 

It is important to observe that the first five weeks of 
feeding was carriGd on during the hottest and driest 
period of the year. Another consideration of equal im- 
portance is the fact that the lambs had just been weaned 
from their dams. To understand the influence of these two 
things, if we divide the total period of ten weeks into two 
periods of five each, we find that during the first period 
the lambs gained only 1,06^- lbs, or about one pound per 
head weekly; while during the second period of five weeks, 
they gained 307 lbs. which is within one-tenth of 3 lbs. 
per head weekly. 

They received about two-thirds more grain during the 
second period than they did during the- first, but un- 
doubtedlo one of the chief influences bringing about this 
difference was the condition before mentioned. 

The Value of the ifape.— Valuing the wheat that the 
lambs ate at 50 cents per bushel or S16.60 per ton, and 
the oats at $18.00 per ton and oil meal at §25.00 per ton, 
the cost of grain food amounts to $12.46. If the wethers 
are valued at 3 cents per lb. when they were put on they 
would cost with their feed $61.12, and valuing them at 
3i cents per lb when taken ofE there would be a balance 
of $10.12 cents for the half acre or at the rate of $20.24 
for an acre. 

It will be interesting to know that the half acre that was 
fed to the wethers was separated from the half acre that 
was cut only by hurdles, and that the two pieces were 
similar in all respects as far as we could discern. The half 
acre that was cut yielded 91 tons, so that it is a fair es- 
timate to say that this amount of rape and 1,439.8 lbs, of 
grain produced 4l3i lbs, of mutton. 

3. THIRD TRIAL OE RAPE FOR FATTENING LAMBS. 

When the wethers that were used in the second trial had 
completely eaten the rape on the half acre, they were put 
on a small piece that had been sown broadcast at the rate 
of 4 lbs, per acre on July 6th. Owingto the exceptionally 
dry season the rape seed lay dormant in the soil much 
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a. usual, and when the plants did appear above 
I the exceptionally hot and dry season checked 

lor several weeks. It was not until October 
he rape was in condition to feed. A small piece 
one tenth of an acre was measured. It had 
a very moderate growth compared with that 

been drilled two weeks earlier. 
^ Eaten and Grain Made. — The twenty-one wethers 
led on this for two weeks beginning October 
extending to November 7th. They had in ad- 
run of a pasture field for a short while each 
tnd were also fed a grain mixture consisting 
wheat, oats and oil meal, of which one part of 
eight was fed. During the two weeks the twen- 
hers ate 160 lbs. ground wheat, 160 lbs. oats, and 
. meal, making a total of 480 lbs. or 1.6 lbs. of 
tiead daily, costing a total of 64. 72. 
le wethers were first hurdied on this pasture 
.ed a total of 2,035J lbs and when they had com- 
3n it two weeks later they weighed 21774^ lbs. a 
: lbs. or a weeky gain per head of 3.3 lbs. This 
jf gain was undoubtledly largely contributed to 
ivy grain feeding of the wethers, the pasture 
^ed and in some degree to their previous man- 
It is an indication of the gain that can be 
rape feeding under favorable circumstances. 

ECAUTIONS NECESSARY IN FEEDING RAPE. 

e sheep are hurdled on rape there are two dan- 
rd against, namely, bloating and diarrhoea. "When 
1 in it the sheep are apt to eat too much and as a 
:e itcauses bloating. The best way during the 
of feeding is to only allow the sheep on the 
ree or four hours daily and then under watch. 
g a good remedy is liquid ammonia, one teaspoon- 
e-times as much water. This should be repeated 
or so until the swelling has become reduced. In 
irere as to require instant treatment, the trocar and 
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canula should be used. This is an iostrument like an awl 
with a tube covering it; when it is inserted into the high- 
est point of swelling on the left side the tube may be left 
communicating with the stomach and through it the gas 
escapes. It should not be used, however, until the trouble 
has advanced so for as 'to place the life of the sheep in 
immediate danger. 

The wethers should have a piece of pasture adjoining 
the rape field and on it they should be allowed to graze at 
will. If this arrangement is not possible they should be 
turned into a pasture field for an hour or so each morning 
before going on the rape. This will be found to check 
any diarrhoea or scouring that may have started and pre- 
vent it from again occurring. 
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BREEDING EARLY LAMBS. 



JOHN A. CRAIG. 

In the first week of June, 1891, the writer instituted 
some experiments for the purpose of testing the methods 
recommended to induca breeding ewes to take the ram 
earlier than the customary time so as to have lambs to dis- 
pose of early in the winter. Twenty-six Shropshire grade 
ewes were experimented with. Plashing the ewes was given 
a thorough trial. For five days the ewes were kept in dry 
hay, and after that for a period of four weeks they were 
fed green clover in abundance. This method was unsuc- 
cessful. For two weeks in July the ewes were again put 
on dry feed, consisting of oat-straw, and then for two 
weeks more they were fed green clover. This trial 
was also unsuccessful. Driving the ewes on the road etbch 
day for a week was tried also without results. As the cold 
weather of fall is the usual forecast of the breeding 
season it was thought that keeping them in a cold build- 
ing would produce the desired results. The average tem- 
perature of the building was made to be 55° Fahr. After 
two weeks under such conditions the experiments were 
abandoned. 

Believing that nothing could be accomplished by these 
methods attention was directed towards the Dorset 
breed of sheep. The pure-bred Dorset ewes in the Station 
flock had shown that Ihey possessed the characteristic 
common to the Dorset of breeding at any time when not 
pregnant. It was this that led us to investigate the ques- 
tion whether or not a pure-bred Dorset ram would trans- 
mit this feature to his get in the first cross. 
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EWES SELECTED AS FOUNDATION STOCK. 

For this purpose nine grade Shropshire ewes were bred 
to an imported Dorset ram. They included few of those 
that had been in the trials previously mentioned, so that 
there was no likelihood of their possessing the character- 
istics that we hoped to secure through the use of the 
Dorset. 

The ewes (Pig. 6) were the result of about ten years' 
breeding on a Merino foundation with Shropshire rams. 
The photograph from life which is presented herewitli 
shows the ewes to be of common type, in no way remark- 
able for fleece or form. They had proven to be good 
breeders and had reared good lambs during the time they 
had been in the flock, but aside from that and their use- 
fulness they possessed no merit that call for special men- 
tion. The ewes all had full mouths at the time they were 
bred, and nothing further than that is koown as to their 
age, as they were purchased and not bred on the Station 
farm. 

The first weights we have of these nine ewes include 
those of five of them that were four or five years old, the 
others were aged. 
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The wool on these ewes would mostly class as medium 
combing, though some of it would gride as coarse comb- 
ing. The fibre is coarser than that of the average Shrop- 
shire grade, but it is similar in length and strength. The 
fleeces oC most of them are faulty in being so open, due 
principally to the need of density and not because of any 
lack of thrift. 

1862. Maj. the nine ewes STeraged 7.S Iba. uawathrd wo:dI, 

1SB3, April and ]Uay, three ewes aversKed 8.8 lbs. uawngbed wool. 

IB9I, April, three ewes aventged 8.9 lbs. unwashed wool. 
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THE DORSET USED AS A CROSS. 

The ram used (See Fig. 7) on these ewes was purchased 
in Canada, and had been bred in Somerset shire, England, by 
Culverwell Bros. This ram is a satisfactory representative 
of the best type of this breed, as may be observed in the 
photograph ■which shows the ram in rough field condition^ 



re bred and Imported Poreei Ram. St. C 
I fborD, (3 years) S.i Iba. 

He is better than the general average of the breed in the 
quality and density of the fleece and in the absence of any 
roughness or coarseness in form. The ram shows the evi- 
dence of a robust constitution. He is deep and wide 
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chested, round ribbed, aad altogether a sheep of sturdy 
type. The fault in the form of the sheep is a narrowness 
of the hind quarter. The wool is exceptionally fine for a 
sheep of this breed, and it has the other very desirable 
quality of being dense. There is not that coarseness of 
horn and bone that is oftentimes observable in those of 
this breed. As this ram was never fed beyond a condi- 
tion desirable for breeding purposes, the weights are 
those that have been taken when the sheep was only in 
light condition, , 

18B!, J&D. 4th. when irltbin 1 monlb at S years old, SJ! IbB. 
IBM, Nor.IBth, when about 4 jears old, aas lbs. 

The wool of this sheep is comparatively fine in fibre and 
also bright and soft. The fineness is retained over all 
■parts with the exception of a slight tendency to hairiness 
on the thighs. The wool would class as medium combing 
on the market. The fleece is dense, and as the fibre is 
about three inches long it is clear that the lightness of the 
fieece is attributable to the absence of yolk. 



■THE FIRST CROSS DORSET DOWNS. 

The first Iambs sired by this ram and out of the ewes 
previously described were dropped mostly in March, 1892. 
There were only two ewes that lambed after that month. 
There was one instance of triplets, six of twins and two of 
singles, or seventeen lambs from nine ewes. The wethers 
being sold, there were nine ewe lambs remaining. The 
ewes shown in the frontispiece are all that are at present 
in the flock. They were two years and seven months old 
when the photograph was taken. 

These Dorset Down ewes (frontispiece) show in form and 
features many of the qualities of their ancestors. On the 
whole the Dorset ram has had most influence in determin- 
ing their qualities. "With the photograph to refer to it is 
hardly necessary for us to say that these ewes are of ex- 
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cellent mutton form and possess valuable merits in addi- 
tion to having the desirable characteristics of breeding in 
time to drop early winter Iambs. The ewes are of medium 
size compared with most mutton sheep.but are very symmet- 
rical aud compact, as their weights indicate. They are short 
legged and are especially round-bodied,and closely knit in 
frame. Only two of the ewes have horns of any size. The 
color of the faces and legs of most of them is pure white 
while others show varying shades of brown 



1 Febru&TT, 1X90. Photoa. taken 

The first weights were taken at the time they went into 
winter quarters when they were about a year and eight 
months old. At this lime three of them had lambed, three 
were in lamb, and three had been served a few weeks 

previous. 



The wool would class as medium combing in the market. 
It is bright, soft and strong. The fleeces on the ewes are 
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dense, and most of them are covered with wool 
Three fleeces from these sheep were sent to the 
World's Fair with several others, and as an award 
was obtained on these it will be interesting to give 
the score of the judge, Mr. Charles P. Avery. The 
full score allowed for density was 16 points; two of these 
fleeces obtained 15 and the other 14.8 points. For even- 
ness and fullness of covering 20 points were allowed, and 
these fleeces scored 18.9, 18.2 and 18.2 respectively. 
Brightness and softness on the official score were allowed 
14 points. One fleece scored 18.5 and the other two 13 
points. For character and fineness 16 points were allowed, 
and the fleeces all obtained full marks on this. Strength 
and elasticity included 14 points, and two of the fleeces 
scored 12.1 and the other 12.8 points. For evenness of 
. quality of wool all over 20 marks were allowed and two of 
these fleeces obtained 19 points and the other 18.9 points. 
The total number of points obtained was 100, and of that 
number one fleece scored 94.9 points and the other two 
each 93.3 points. These scorings by an expert judge will 
give a satisfactory idea of the quality of the wool. They 
cannot, however, give any impression of the most valuable 
character of the fleeces of many of them, for the reason 
that the density cannot be indicated. The average weights 
of the fleeces have been as follows: 



BREEDING THE FIRST CROSS DORSET DOWN EWES. 

When these ewes were about one year and four months 
old June 16th, 1893, they were put in a small field 
having three or four acres of pasture and the Dorset ram 
before described was allowed to run with them. The ewes 
were not fed anything in addition to the pasturage they 
received. A ewe was bred on June aSd, the first to be 
served and by the 9th of July they had all been bred for 
the first time- Three of the ewes were served the second 
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time, and the three others were bred at the regular fall 
season, as they did not become pregnant at the same time 
as the others. The ram was allowed to run with the ewes 
the most of the time. They had to be separated after a 
time, as the intense heat and exertion made it necessary to 
give the ram better care and feed than the ewes were re- 
ceiving. 

THE WINTER LAMBS. 

On the 16th of November the first lamb arrived, the ewe 
giving birth to a single ewe lamb. On the 16th of the 
same month another ewe lambed, dropping twins, of which 
one died owing to weakness. Another ewe lambed Nov. 
24th, giving birth to twins, and both are living. The next 
ewe to lamb dropped a single lamb on December 21st. A 
premature birth occurred in the instance of one of the* 
ewes considered to be due to an injury received while run- 
ning in a rough pasture field. Three oC the ewes about 
the latter part of October were bred again as they had not 
become in lamb in June as was inferred from the fact that 
they had passed several periods- As they were carefully 
watched and the ram with them most of the time, it is in- 
explainable why they passed over the time they did with- 
out giving evidence of not being in lamb. 

No special preparation was made for the winter lambs 
in the way of warm quarters. The ewes lambed in pens 
that had been constructed with the object of securing as 
much warmth as possible so as to make comfortable quar- 
ters for ewes when lambing in the early spring. As soon 
as the lambs were about a week old they were put in pens 
with their dams, and their quarters were made as dry and 
warm as possible. It is necessary to have quarters special- 
ly warm and dry for the lambs if they are to make satis- 
factory growth. 

These lambs show the Dorset traits very strongly as 
would be expected from the fact that they are second cross 
Dorsets. In addition the four first cross Dorset Down ewes 
were bred to their own sire. This was done because there 
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were only a few of those ewes to breed, and it would hard- 
ly have been advisable to have purchased another ram 
specially for them. The lambs all had horns and were all 
pure white, with the exception of one that was mostly 
black over the body with a few white spots. As there 
were only two wether lambs to be sold they were not 
prepared for market other thaa to give them ordinary care. 
When they were about three months old they each weighed 
65 lbs. live weight. The other lambs were retained in the 
flock for breeding purposes and when two of the ewe lambs 
were weighed Nov. I5th, 1894, they weighed 109 lbs. They 
did not make as satisfactory, growth as those that had 
been dropped the succeeding spring. One of the lambs 
with its dam is shown in Pig, 9. 



«rid irheD piiutosiaphed. 
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The chief point of the experiment up to this time lies 
in the fact that the characteristics of the Dorset to breed 
fully three months earlier than other breeds is transmis- 
sible through the male line to the first cross. This sug- 
gests an economical and commendable method of establish- 
ing a flock for breeding early lambs. 

It has been inquired whether these ewes would breed 
twice a year similar to the Dorsets. This has not been 
actually determined, though it would seem that they would 
breed at any time when not already in lamb. It is very 
doubtful if it would be advisable to breed ewes twice a 
year even where the conditions are made as favorable as 
possible for the ewes. It might be done with success when 
the lambs are taken from the ewes when they are thirty 
or forty days old and the ewes fed well, but that implies 
conditions of market and management that are far in the 
fore of those that exist in our best sheep farming districts. 
The rearing of one crop of winter lambs is in itself a com- 
paratively new industry in America, and though it has de- 
veloped into a profitable feature of the sheep market in 
the large cities in the eastern states it has no pronounced 
recognition as yet in the markets of the western cities. 

DOESBT DOWN SPRING LAMBS. 

In the fall of 1893 nine Shropshire grade ewes were 
again bred to the Dorset ram St. Cuthbert. These ewes 
are shown the photograph and the lambs from them this 
spring are shown in another. Three of the ewes were in- 
cluded in those that had been bred to the Dorset the year 
previous. It mill be seen that these ewes are of a grade 
common to flocks that have had a Shropshire ram at their 
head for a few years. 

From these nine ewes thirteen lambs were dropped. 
There is nothing of special importance to record at this 
time in reference to these lambs further than to- say that 
they have made exceptional growth and that they promise 
to surpass the aged ewes of this breeding that are already 
in our flock. The lambs were dropped mostly in March, 
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■ and wheii weighed Nov. 15th. 1894, tl 
months old, the average weight of eleven 
lbs. The heaviest weighed 143^ lbs, and 
lbs. It will be seen in the photographs 
that these are of exceptionally good mutl 
there is reason to believe that they will di 
of more than ordinary merit. 
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I. lOaodll.— DoneCDom SpriniLftmhs. ^Bired bv p 
if grade Shropehlre ewes (n|[. «}. Dropped Hirch, i 
ire out of ewce referred to, 1SS.B lbs. Not. Ulh, IBM. 
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FALL SHEARING LAMBS BEFORE FATTENING. 



JOHN A, CEAIO. 

The experimental work done in this direction extends 
over Jour expriments, two of which have been already 
reported. The chief variation in the experiments of each 
year consisted in changing the time the fall shearing was 
■done. The differences have been as follows: 

FIrat eiperlmf nts: Lot I, shorn December litb, 1B90: Lot II, lert unHhoni. 
Second eip-rlmeac: T.ot l,BtaarnNorFmber4tti. 1831: Lot II, lett unshorn. 
Third eiperl meat: Lot I, ahora October Itth. 189^: Lot 11. left unahora. 
Fourth experiment: Latl. sbora October ect>. IB9S: Lot II, left unshorn. 

1. FIRST FXPERIMENT: SHEARING IN DECEMBER. 

As the account of this experiment appears in full in the 
Jlighlh Annual Report it will not be necessary to discuss 
it here further than to say that there was nothing gained 
by shearing the wethers in December; for those shorn at 
that time and again when the fattening was completed 
sheared in both clippings a total of about two pounds less 
washed wool than those that had been left unshorn in 
December, and in addition the latter made two and seven- 
tenths pounds more total gain than the wethers that were 
fall shorn- the cost of 100 lbs. of gain was $4.70 in the fall 
shorn and only $4.40 in the instance of the unshorn. 

2. SECOND EXPERIMENT: SHEARING IN NOVEMBER. 

Results of the experiment in November shearing is given 
in the Ninth Annual Report of this Station. Some slight 
advantage followed from shearing at that time. The 
■wethers that were shorn in the fall made a total of 7 
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pouDds more gain than those that were left unshorn. 
The cost of the gain in the instance of the latter was $1.17, 
as agaiDst §1.44 in the instance of the fall shorn sheep. 

The chief point to be observed in this trial was that the 
removal of the fleeces at that time has a favorable in- 
fluence on the rapidity with which the sheep fattened. 
During the first eight weeks of the experiment the three 
shorn wethers gained 17.5 lbs more than the unshorn in 
the same time. During the second eight weeks or last 
half of the experiment they made a total of 10.5 lbs. less 
gain than the unshorn. Iq the first eight weeks the shorn 
wethers ate 101.75 lbs. more fodder, 9.75 lbs. more grain 
and 117 lbs. more roots than the unshorn, and during the 
second eight weeks or last half of the experiment they 
ate 32.75 lbs. more fodder, 10.75 lbs. more grain and the 
same quantity of roots. Prom these figures it will be 
seen that the shorn wethers made their greatest and most 
economical gain in comparison with the unshorn wethers 
during the first half of the experiment. 

3. THIRD EXPERIMENT: SHE.\RING IN OCTOBER. 

In the third experiment the shearing was done October 
14th. As this experiment has not been previously re- 
ported it will be necessary to add fuller details than those 
given in the proceding. 

Ten grade Shropshire wethers were divided into Lots I 
and II, weighing at this time 404.5 and 401 lbs. respect- 
ively. Lot I was shorn Oct, 14th, and Lot II was left un- 
shorn. As it was too early in the season to begin shed 
feeding, the wethers were pastured in the same field and 
not given any grain until shed feeding began on Nov. 11th. 

The ration fed to both lots when the shed feed ing was 
started consisted of mixed hay, rutabagas and grain. The 
hay was not cut, roots were pulped and the grain was fed 
whole. During the first five weeks the grain consisted of 
whole oats; then it was changed to three part oats and 
one part whole corn by weight, and so continued for two 
weeks; a change was then made to two parts oats and one 

L;.g,l,ze.oyGoO^IC 



Agricultural Experiment Station. 



part corn by weight and this grain mixture was fed for 
two weeks. Prom this time until the conclusion of the 
experiment, an interval of six weeks, the grain mixture 
consisted of two parts whole oats, one part whole corn, 
and one part oilmeal, by weight. 

In estimating the cost of rations, the following average 
market prices for our state have been used: Mixed hay 
$8 per ton, rutabagas $2 per ton, oats $18 per ton, corn 
$15.20 per ton, and oilmeal $25 per ton. 

One pound samples from all of the fleeces were washed 
with soap in water at a temperature of 120° Fahr. to de- 
termine the difference in the amounts of yolk in the 
fleeces. 

Table of resiiUa from experiment in fall shearing, October lith. 
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1. The daily ration of each fall shorn whether in Lot I 
was 1.72 lbs. of hay, 1.15 lbs. of rutabagas and 1.97 lbs. of 
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grain mixture consisting of oats, shelled corn and oilmeal 
costing 2.62 cents for each sheep daily, the daily gain 'per 
head was .42 of a pound. In the period of fifteen weeks 
the lot of five gained 225.5 lbs. 

2. The daily ration of each sheep left unshorn in Lot n 
waB 1.71 lbs. hay, 1.15 lbs. rutabagas and 2.8 lbs. of grain 
mixture consisting of oats, corn, and oilmeal costing 2.68 
cents for each sheep daily; the daily gain per head was .40 
of a lb. In the period of fifteen weeks the lot of five 
gained 210.5 lbs. 

3. The results of the fall shearing are in some respects 
favorable to the practice. The fall shorn wethers made 
slightly the cheaper gain, as the cost of 100 lbs. gain in 
the one instance was $6.11, and in that of those that were 
not shorn in the fall it was $6.67. The fall shorn wethers 
also made a greater gain of 15 lbs., of which 3. 2 lbs. is due to 
their heavier clip of wool. 

4. In this trial the effect of the shearing in hastening the 
maturity of the sheep appears to be similar to that of the 
previous experiments. If the time over which the experi- 
ment extended is divided into two periods of eight and 
seven weeks, respectively, it is shown that the gain of the 
fall shorn wethers in compariEon with the others was much 
greater during the first period than during the second. 
During the first period of eight weeks the five fall- shorn 
wethers gained a total of nineteen pounds more than those 
that were unshorn. During this time the unshorn lot also 
ate 18 lbs. more grain, 5 lbs. more roots and 24 lbs. less 
hay than did the wethers that had been fall shorn. In the 
second period extending over seven weeks, the fall- shorn 
wethers made 4^ lbs. less gain than those that were un- 
shorn. The unshorn during the second period, however, 
ate 39.5 lbs. less hay; 19 lb. less grain and the same quan- 
tity of roots. These facts indicate that the removal of the 
fleece hastens the fattening up to the time that the wool 
has become half grown. 

5. The fall shorn wethers sheared 1,2 lbs. more un- 
washed wool or 3.2 lbs. more washed wool than those that 
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were not shorn in the fall. The fibre of the 
two clippings in fall and in spring is muc 
that from the sheep that were shorn in th< 
the latter would bring more per pound. 

i. FOURTH EXPEBIMENT: SHE.IBING IN 

In the fourth trial sixteen Shropshire wt 
vided into two lots. Lot I was shorn Oct. 
Lot II was left unshorn. At the beginning 
a total of 647i lbs. and Lot n 648i^ lbs. Tb 
all dipped, as they were troubled with tickf 
The shed feeding did not start until Nov. 
seven weeks of the experiment the wethers 
of pasture or rape. Prom the beginning 
ment grain was fed to both lots. They w 
oats per head daily during the first two ^ 
had the run of a rape field in addition. T 
was then changed to 1 part corn and 1 part 
was continued until the experiment closed. 
the wethers were kept on rape when they w 
pasture for two weeks and brought in to ' 
22d. They then received clover hay in a 
grain mixture described. 

The wethers were sold without being she 
age length of the fleece of the fall shorn we' 
at the shoulder was about an inch, so that 
impossible and certainly inadvisable to shei 
time. While the lambs that were fall-shori 
duced in price somewhat because of the sh( 
fleece, this would be more than compensa 
29.4 lbs. of wool they clipped in the fall. 
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fall shorn wethers made the greater gain, for dur- 
iriod of 10 weeks the eight wethers in this lot 
total of 25.4 lbs. more than the others. 

gain of the fall shorn wethers was made at a 
ate as the cost of 100 lbs. gain in their instance 
' exclusive of pasturage, while the cost of 100 lbs. 
le unshorn lot was §3.00. 

experiment bears out the position indicated by 
eding trial, that the efEect of the removal of the 
o hasten the fattening process until such time as 
has attained a growth of one or two inches, 
g the total period of the experiment into two 
of five weeks each we find that the fall shorn 
:ained 16.4 lbs. more than the unshorn during tae 
weeks, though they each received exactly the 
Hint of grain and simitar pasturage. During the 
weeks the shorn wethers gained a total of 7 lbs. 
n the unshorn, but the shorn wethers ate 50 lbs. 
lin and 14 lbs. more hay than the shorn during 
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GENERAL SUMMARY. 

1. Pall shearing is a beneficial practice to prepare lambs 
that are six months old for the early winter market. 

2. To secure the benefits for fall shearing it should be 
done early in the season, at least not later than October. 

3. When done under such circumstances the removal of 
the fleece hastens the fattening, and the gain is made at a 
slightly cheaper rate. 

4. The results show that by shearing in the fall and 
again in the spring more wool is obtained than from a sin- 
gle spring shearing, but the market value of the two clip- 
pings is not any greater than that of the single clipping 
in which the fibres of the fleece are longer. 

5. When the lambs are to be fattened during three or 
four of the winter months, there appears to be no practi- 
cal advantage in fall shearing. 
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GRAIN FEEDING LAMBS EOR MARKET.* 



JOHN A. CRAIG. 

The experiments herein described were undertaken for 
the purpose of comparing the profitableness of the differ- 
ent systems of lamb feeding. 

There are three methods of fattening lambs in general 
practice. In the first method the lambs are fed grain 
from the time they will oegin to eat it until they are put 
on the market ten or twelve months later. In the second 
method the lambs do not receive any grain until the fat- 
tening begins in the fall when the sheep are put in sheds. 
In the third method the lambs receive grain from weaning 
time until they are finished for market. 

In those countries where mutton sheep have been bred 
for many yoars and the feeding of them has become a 
subject of special study, the chief problem the shepherd 
has constantly before him is the provision of such food as 
will keep the lambs steadily increasing in weight at all sea- 
sons from the time of birth until marketed. The tastes 
of the lambs are studied and the most appetizing rations 
are fed to them before they are weaned. After weaning, 
green fodder crops, such as rape, vetches and turnips are 
freely used to keep the lambs thriving. In the fattening 
process the aim is to get as lapid gains as possible by 
frequent and careful feeding of a variety of fattening 
foods. 

A strong contrast to this is offered by the method in 
general praclice on many farms. Before weaning the 
lambs receive no grain and they get no nearer to it after - 

♦Reprinted from Bnlletin No. 41 of this Station. 



Agricultubal Experiubnt 8t 

weaning than to have the range of corn or 
harvest. Fattening begins and ends witt 
many instances, though there are hotnegt 
could be profitably marketed in this way. 
by those who adopt this practice that by de 
any grain before or after weaning much g 
be obtained from them when the fattenini 

Midway between these systems is that f( 
which has for its distinctive feature the 1 
to the lambs from the time of weaning un 
keted. The effect of this management 
Iambs over the weaning period without an 
being given to their growth. To that exte 
system than the other, which allows th( 
until the winter feeding begins. 

Such being the practices that are usu 
was considered to be a practical line of exj 
the differences in the effects of these m 
profits from them under our conditions. 

THE SCOPE OF THE EXPERIMB 

The experiments have extended over tl 
1892 and 1893. They began each year as s 
were old enojgh to be used; in April or 
begin to eat, and from those months th^ 
tinned until the lambs .were marketed 
February. This time was divided into th 
first being included in the time preoedi 
second after weaning, and the third fatten 
daring winter. 

In the first and second experiments ther 
lots of lambs, the one lot receiving grain 
iods and the other lot not receiving grain 
ing period. In the third experiment a thi 
duced and this lot received grain from th 
weaned. In all particulars the lambs re 
management. After weaning they all hac 
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en put Id the same shed to fatten they were fed a 
coDsistiQg of similar foods. The only variation in 
iiiig consisted in the grain feeding followed in the 
e of some of the lots before and after weaning, and 
•med the basis of the experiments. 
the trials the ewes in each trial and in each lot ra- 
the same management and food. In no instance 
ley given grain. Their food was chiefly pasture, 
me fodder during the time that the pasture was not 
Die. The ewes of all lots and ia all trials were 
i weekly during the time previous to weatiing, but 
as not sufBcient difference in their weights or food 
ance the results in any respect 



• I. Statement of Data In Detail. 

THE FIEbT TRIAL. 

le first trial in this direction has been described 
the Ninth Annual Report of this Station it will 
jcessary to describe it here further than to present 
ling facts that bear out the assumptions that follow, 
ial began in the spring of 1891 and was continued 
at of 1892. Two lots of lambs with three in each 
!ed. 

EDING BEFORE WEANING' — IN THE FIRST TRIAL. 

first period includes the time preceding weaning. 
tils period started the lambs were about three weeks 
when weaned they were three months old. During 
le Lot I received a grain mixture of 1 part bran, 1 
jrnmeal and i part oilmeal. The following state- 
lows the progress of the six lambs under these cir- 
Qces during the first period: 
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Table L^Inerttue and food of lambs before weaning— I 
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Coetofgraln for each lamb. ..- 


IScta- 







FEEDING AFTER WEANING — IN THE FIRST ' 

The lambs were weaned July 9th, when they 
three months old, and from that time until Nov 
they were all given similar pasture; the onlj 
in the feeding being that Lot I received a gra 
of two parts ground corn and one part oilme! 
beginning of this period two more lambs wer 
each lot. They were lambs that had been previ 
aged similar to those in the lots to which they -w 
Lot 11 by this means received an increase of 21 
was not produced by it. The following table 
the progress of the lambs during this period: 
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TaNe II. — Inereaae and food of lambs after weantvg—ltt Mai. 





Lot I. 

Lambs (t) 
redg>ala. 


LoTiL 

L»mb« <B1 
no grain. 


""^Aao," 




Grain. 


Ko grain. 


Awage *8leht of Mch Umb at be«iti 


lbs. 

101.1 
BO-T 
l.W 

183 

II.4T 


Iba. 

sar 

8!.« 
M.S 

1.81 


Iba. 
.* 

S0.8 


lb«. 


Average gala of each lamb In 19 weeka. . . . 

AT«rage weekly kaId of oaoh lamb 

Onla eaten per head by IjOt I.— 












OUmeal. fllf 

OoBtotEratnforeacliIumb 















FEEDING DUKING FATTENING— IN THE FIRST TRIAL. 

This period began November 19th, and extended to Feb- 
ruary 25th, an interval of 14 weeks. The lambs were fed 
similar foods and given the same management in all res- 
pects. Their rations consisted of com fodder and roots 
with as much grain as they would eat, consisting of a mix- 
ture of 2 parts whole oats, 1 part whole corn and 1 part 
ollmeat. The appended table will indicate the effect of 
the previous management on the fattening: 
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Table III.— Increase and feed of lambs durinj 





LOTI. 

Lamba <M 


LaiD 

prei 


Kovembwifl 

Averaire weifilit of edoli lamb at eDdlng, 


IbB 

14B 
S 

M 
S3 

ts 

ISO 


4 
8 




Average gala of each lamb Id U treekt... 

AxeraKe weekly Kain ot each lamb. 

Ayeraga weight of fleece 

Food eaten by each lamb— 








Ollmeal. 








Coat of food for each lamb 


•'■«* 


1 



THE SECOND TEIAI 

Ie the second trial, undertaken in 
there were ten ewes and 14 lambs in ei 
before weaning, and from these five ] 
and with them the experiment was cor 
ed. In Lot I the Iambs were fed all tl 
eat, and those io Lot II were not give: 

FEEDING BEFORE WEANING — IN TH 

The time covered by this period exte 
to July 20th, an interval of twelve w 
the lambs in Lot I were first fed a mi? 
and 1 part oilmeal for three weeks and 
1 partgound corn and 2 parts bran the su 
Those in Lot II did not receive any gr 
shown in the appended statement: 
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Table IV.—Inoreaae and food of lambt before weaning — Zd trial. 





Lot I. 
Lamb* (14) 


LOTIL 

Lamba (14) 
DOcralD. 


Btrrxn 


-.Tr 




Grain. 


NogralD. 


Avenue ««l^t ol each Umb at begtb- 


lbs. 
iJT.8 

a.i 

«.T 
Mela. 


Iba. 
3S.D 


Iba. 
.* 


Iba. 


AveragewHght of eacb lamb at endine. 

Jiiijao. 

Average gala of each lamb in 12 weaka. . - - 

A*entce»eekl)'f[ainoreach lamb 

OraliieatenporbeaclbyLot I.- 










Bran ISS.S) 














- 



FEEDING AFTER WEANING— IN THE SECOND TRIAL. 

From the fourteen lambs that were in each lot before the 
time of weaning, five lambs that represented the average 
of the fourteen, were selected from each lot, and with 
these the experiment was continued. During the first 
week after weaning the grain food, bran, oilmeal and 
ground corn, was continued to Lot I, but after that time 
they received whole oats, while Lot II did not receive any 
grain. Both were allowed similar pasture. 

Table V. — Increase and food of lambs after weaning — 2d trial. 





LOTl. 

Lamba (5) 

grain. 


Lorn, 
no gra n. 


- ,.S°o^" 




Grain. 


No grain. 


'SSJT';."..-* !'!"?"..'-?: 


Iba. 

SS.8 

34.0 

WA 
11.13 


lU. 


lbs. 
IBS 


Iba. 


Average velRbt of each lamb at CDdiug, 








Average weekly gain of each lamb 

QnlD eaten per head by Lot I- 
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feeding during fattening — in the second trial. 

The third period in the management of these lambs be- 
gan on November ^9th and was continued until February 
15th, thus extending over fourteen weeks. The lambs in 
the experiment during the former period was retained. At 
the beginning of the period the lambs received oats, roots 
and corn fodder. The grain was increased later by the 
addition of corn and towards the end of the period some 
oilmeal was fed and the corn fodder changed to hay. 



Table VI.— Increase and food of lambs during fattening— 2nd trial. 







LOTi, 

Lambs (B) 
grain pre- 
iluusJy. 


Lot II. 
Lambs ff) 


DireKRBiCl 


»„,„„ 




p,r„sa 


Grain. 


No grain. 


Average weiRht ot each lamb 

n-.'K"'"".".-""*"'.'' 


at begin 
ending 


Iha. 
6B.8 

WO.S 
28 

89, B 
10S.8 
$2.86 


lbs. 
84.6 

iss.s 

J,8 

40.5 
10.8 

(2.80 


15,8 


lbs. 


ATeraee gala of each lamb In 14 weeks. . . . 
AveraifB waekJ J gain of each lamb 


J 




J 


' 




pood eaten per he«l: 






1 B 


OUroeal 




» 
















T 















THE THIRD TRIAL. 

This trial was started May 10th, 1894, and continued un- 
til the last day of January, 1894. Twelve ewes and their 
fifteen lambs were talien and divided into three lota with 
four ewes and their five lambs in each. The lambs in Lot 
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I were fed grain throughout all the periods, those in Lot 
n received grain only during the fattening period and 
those in Lot III were given grain from the time they were 
weaned until fattened for market. 

FEEDING BEFORE WEANING— IN THE THIRD TRIAL. 

The lambs in the grain fed lot were given a mixture of 
I'part bran and 1 part oilmeal. They were mostly Shrop- 
shire grades, averaging about six weeks old when the ex- 
periment started. The following statement shows the con- 
duct of the lambs in the first period, including the time 
before weaning: 

Table VIZ.— Inoreate and food of Iambi be/ore weaning— Srd trio!. 



AverBgi- weight of each Iamb oC beglonlng, Hay 10, , . 

Averaga weight ol each lamb at ending, Aug. S. 

Average galnoC each lamb In IS weeks 

ATeraga weekly gain ot eacb lamb 

Orain eaten per head by Lot I.— 

Bran .»( 

Oilmeal S6 ( 

Coscol /ood tor each lamb 



LotL 
>Dib« CI 



Lot II. 
imba (t 



Lot in. 
imlK (S) 



FEEDING AFTER WEANING— IN THE THIRD TRIAL. 

The second period was started August 2d, when the 
lambs in all the lots were weaned. They had like pasturage. 
The Iambs in Lot I were fed oats, those in Lot II did not 
receive any grain, and those in Lot III also received oats. 
The same lambs that were used in the previous period 
were retained. 
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Table VIII.~IneTeMe and food of lambs after weaningSrd triaL 





Loil. 


LotU. 


LOTlIL 




Lambs (B> 


Lambg (5) 
BO grain. 


Lamba (Ti) 
grain aEnce 




Ibs- 


Ibg. 


Iba. 


Average weiglib ol e«cb lamb at begiuDJag, August S. . 


78.S 


B5.I 


70,8 




97.8 


77.9 


B1.7 


Average gain In Uwseka. 


1».4 


12.8 


SI.B 










FoodMten per head, oMs 


W.l 




8J.I 


Oiwt«t grain per bead 


St eta. 











FEEDING DURING FATTENING ~ IN THE THIRD TRIAL. 

The third or fattening period in this trial began November 
8, when the wethers in the three lots were put on the same 
rations. The grain mixture fed to each lot during the 
greater part of the fattening period consisted of one-half 
oats and one-half corn. In addition to this mixed bay was 
fed. All the lots were given as much as they would eat of 
the bay and the grain mixture 

Table IX.— Increase and food of lamba during the fattening — 3rd trial. 





Loil. 


LOIU. 

Lamba m 

no grain 
preriouHly. 


Loxm, 

Lamba (8) 
grain alncS 


Anmga velf^t of each lamb at begUmtDg, Not. S 

Average weight of each lamb at ending, Jan. 3t 


IbB. 

B7.8 

8T 

8.8 

108.8 
TB.i 


Ibe. 

^77.9 

"" 

B.T 

fla.S 

«8.1 
80.8 

SI. 60 


lbs. 
91.7 * 


ATerageweeklygalnofeachlamb 

ATBiage weight of fleece 

Food eaten ^ 




■ OaM 

Hay 


73.4 
88.< 
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—Bearing of the Results on Special Features. 

;udy the influence of these facts on special points it 
^ necessary to give fuller details in regard to the 
aring on them. In this way it will be advisable to 
the profitableness of the practices and also present 
ults obtained in reference to the effect upon the car- 
d the wool, 

,YS TO FEED GRAIN BEFORE AND AFTER WEANING. 

■e discussing this feature it is necessary to empha- 
it the grains which are fed to the lambs both before 
9r weaning were more favorable to growth than to 
ig. Neither was it the aim to feed them ia such 
ies as to hasten the fattening at the expense of the 
This may in a large degree account for the even- 

the progress of the lambs during the fattening per- 
he foods that were most fed during these periods 
-an, oats and oilmeal. 

;hief condition that makes it profitable to feed grain 
advanced price per pound which well fatted latnbs 
ng over those that are only in fair condition as to 
In these trials the value of the Jambs represents 
itimated value in the judgment of a local butcher, 
: prices used in determining the value of the lambs 
md of the last period are those that they brought in 
al market. The other prices are based on those of 
cago market to a large degree. The lambs that were 
in continuously were estimated by the butcher to be 
[ cent per lb. more at weaning time, 1 cent more in 

and f cent more when sold in the spring than those 
d no grain before and after weaning. The lambs 
id grain from the time of weaning were thought by 
cher to be worth i cent more per lb. when sold in 
ing than those that had not received any grain pre- 
) fattening. 
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The appended table is a summary of all the trials with 
the principal data that bear on the profitableness of these 
practices brought forward. The value of the lambs in 
each lot and the comparative cost of each are easily seen. 
It may be again noted that the first period includes the 
time preceding weaning, the second period after weaning 
until fattening and the third, the fattening period. 

There is no question but that if the lambs were to be sold 
immediately after weaning or late in the fall without 
carrying them over winter, it would pay to feed grain. 
The gain in the lambs and their increased value per pound 
would be the chief arguments for this. The most im- 
portant matter to be determined, then, is whether it pays 
to feed grain previous to the usual time of fattening in in- 
stances where the lambs are not sold until late winter or 
early spring. 

THE RELATIVE PROFIT FROM FATTENING. 

In the first trial if we charge the grain-fed lambs in Lot 
I with the cost of the grain food they ate before and aftar 
weaning, and also that of the fodders and grains they ate 
during fattening it will amount to $3,27. At their valua- 
tion per pound at that time they were worth $9.25 per 
head, thus leaving $5.98 as the comparative profit per 
head. The cost of food for the lambs in Lot II that did 
not receive any grain until fattening amounted to $1,62 
per head, and their market value was $7.03, leaving a com- 
parative profit of $5.41. In this way the grain- fed lambs 
gave a return of 57 cents per head more than the others. 
In these estimates the cost of pasturage has not been in- 
cluded, but it would not affect the position of the lambs, 
as they all had similar pasturage. 

In the second trial, as the table shows, the cost of the 
grain fed the lambs in Lot I before and after weaning and 
the ration during fattening amounted to $3.82, and their 
market value $8.90 per head, leaving a balance of $5.08. 
The Iambs in Lot II ate $2,30 worth of food per head dur- 
ing fattening, and their market value was $7.02, leaving ew 
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balance of $4,72. The difterence in the 
amounts to 36 cents in favor of the grain-: 

In the third trial the cost of the food c 
grain-fed lanib$ during all periods was 
estimated value at the low price per pou 
was $5.72, leaving a balance of $2.9U, as a 
balance of $2.38 from the lambs in Lot II i 
until fattening, and a balance of $2.68 fri 
Lot III that had grain since weaning time, 

Prom these figures it will be seen that 
lambs that had grain during the three pe 
cents per head greater than those that ha 
the fattening began in the fall. And it i. 
that the lambs that were fed grain from t 
ing also yielded a greater profit per hea* 
receiving grain until fattening. It rema 
considering this feature that the grains th 
been charged to the lambs at the mat 
vailing in Wisconsin over a term of 
estimates no consideration has been giv 
pasturage and care, so that the term " con 
is used for the purpose of comparing the 
with those items omitted. 

EABIJER MATURITY AND EARLIER MAR 

GRAIN- FED LAMBS. 

The length of time it took under the 
tems of feeding to bring the lambs in ea( 
similar weights has a practical bearing 1 
quiry. In the first trial, when the trial 
25th, the lambs in Lot II that had not rei 
before the fattening period averaged 125. 
in Lot I that had grain during all the pei 
live weight 125.2 lbs. on December 31 
weeks before the others. The food, omitti 
get the latter up to that weight cost 12.2 
quired by the lot that had no grain was 
difference in the cost originated ^^in the h 
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ing after weaning to Lot I. They ale about 1^ lbs. of 
grain per day on pasture during that time. 

In the second trial the lambs in Lot II that had no grain 
before or after weaning weighed an average of 125.5 lbs. 
when the experiment was closed February 15. The grain 
fed lambs in Lot I averaged 124.6 lbs. January 18th, so 
that the grain fed lambs were about one month ahead of 
the others. To make the lambs in Lot II weigh 135.5 lbs. 
it cost in food $2.30, while in the instance of those of Lot 
I it cost $3,12. The difference here was likely due to the 
same cause as in the first trial, the high grain feeding 
after weaning, as the lambs so fed received 1. 1 of grain per 
head per day when on pasture. 

Prom the experience gained from the two previous trials, 
and knowing that the high cost of the grain fed lambs in 
comparison with the others was due to the heavy feeding 
from the time of weaning, the quantity of grain fed during 
that period was greatly reduced, the lambs getting only 
about one-half pound per head daily. The iambs that had 
not received any grain previous to fattening weighed an 
average of 113.9 lbs., on January 31 when the experiment 
was concluded. Those in Lot III, fed grain since weaning 
weighed an average of 11 1.2 lbs. January 3rd, while the 
lambs that had grain given them through all the periods 
weighed 112.7 lbs. December 12th. They were seven 
weeks in advance of those that had not received grain. To 
bring the lambs in Lot II to that weight cost $1.79, those 
of Lot III $1.63, and those of Lot I $1.60. The grain fed 
lambs then not only matured much earlier but the cost of 
gain was also less. Considering the greater amount of 
labor to feed the lambs that had no grain previous to fat- 
tening over the longer time, including the risk of loss and 
the advanced value of the grain-fed lambs per pound it cer- 
tainly shows that there was a gain from this management. 

The chart on the next page shows the difference in the 
progress of the lots in these respects. Through this ar- 
rangement it is easy to compare the weights of the lambs 
at any time during the course of the trials. 
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EFFECTS ON THE INCREASE IN WEIGHT. 

iwing the lines in the chart illustrating the 
f the lambs in the different lots it is evident that 
difference in their increase originated after 
It should be here stated that the break in the 
I to the changes that had to be made in the lots. 
ime of weaning until the beginning of the fat- 
difference in the weights of the lambs in the 
lots increased. This is not so evident before 
owing to the shorter time and the smaller 

grain eaten by the Iambs receiving it- 
ig the quantity of grain it required to make one 
^ain before weaning with that required after- 
nd that it required less before weaning. Such 
on necessitates the offsetting of the milk which 
"eceived from the ewes before weaning against 
3S which they received after weaning. Before 
1 the first trial it took .59 or about one-half 
^rain to make a pound of gain; in the second 
i;rain-fed lambs made a pound of gain on 1.1 
lin, and in the third trial they made it on 1.2 
in, 

aning when the lambs were on pasture it took 

grain to make a pound of gain in the first 

B second trial it took 3.6 lbs. grain for a pound 

I in the third trial the lambs that had received 

birth made a gain of one pound for 3.2 lbs. of 
e those in the other lot receiving grain after 
ade a pound of gain for each 2.9 lbs. of grain 
erval between weaning and fattening, 
cts make it evident that it paid best to feed the 
•e weaning, though it is not fair to assume that 

is only equal to good pasture, as has been done 
iparison. 
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INFLUENCE ON THE CHARACTER OP ' 

In the second and third trials the lambs v 
the carcass cut back of the fifth rib and 
made ol the mixture of fat acd lean. I 
there was no apparent difference in the lot; 
This was to be expected from the fact tha 
vious to fattening had received such foods . 
some oilmeal, which are favorable to grow 
the fattening process they received simil 
flesh in nearly all instances was evenly mi 
were the carcases heavily loaded -with fat. 

The dressed weights of the different Ic 
and third trials were also obtained. 7 
fasted over three meals, and the weighing 
was done after they had become sufficient]; 
the weighing to be done. 

The grain fed lambs in the second trial 
cent., and those that had no grain before 1 
55.7 per cent. In the third trial the 
dressed 52.3 per cent.; those in Lot -II th 
before the fattening period dressed 52.( 
those that had grain since weaning dress* 
So ■ that it may be said that there was 
■ difference in the per cent, that the lai 
dressed. The weights of the blood, heart 
pelt, caul fat and kidney fat was taken ii 
fifteen lambs in all the lots and no mai 
differences were found between the lots ic 

EFFECT OF GRAIN FEEDING ON TH 

At all times during the three trials it wb 
to select by the eye the lambs that recei' 
and after weaning. The fleeces of these 
smooth in appearance, while those of the 
CO grain were always open and rough, 
of the fleeces of the grain-fed lambs may 
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the greater density of wool and also the greater amount of 
yolk or oil that was found to be in their fleeces. 

The quantity of wool shown from the difEerent lots under 
these various systems of management was decidedly favor- 
able to grain feeding. In the first trial the lambs that had 
grain since birth sheared an average of 10.1 lbs. unwashed 
wool when the experiment was coacluded, and those that 
did not receive any grain until fattening sheared an aver- 
age of 7 lbs. per head. In the second trial the lambs re- 
ceiving grain continuously sheared an average of 8.8 lbs. 
per head, and the lambs that did not have any grain until 
fall sheared an average gf 7.8 lbs. per head. In the third 
trial the lambs that received grain from birth sheared an 
average of 8.3 lbs. wool per head, those that had grain 
from weaning sheared an average of 7^1 lbs- per head, and 
those not receiving grain until fattening sheared an average 
of 5.7 lbs. per head. Tailing the average of the three 
trials, the lambs receiviag grain from birth averaged 9 
lbs. unwashed wool per head, those receiving it from 
weaning time averaged 7.1 lbs. and those not receiving any 
until winter feeding started averaged 6.8 lbs. per head. 

DIFFERENCES IN FLEECE WEIGHTS CHIEFLY DUE TO YOLK. 

The greater amount of yollf that was found in the fleeces 
of the lambs fed grain continuously to some degree ac- 
counts for the greater weight of their fleeces. 

Iq the flrst trial on the conclusion of the experiment one 
pound of the wool from each of the sheep was washed ia 
water at a temperature of 100 degrees, Pahr. 

The wool from the lambs that had grain from birth 
shrank 41.2 per eeut. while those not receiving grain until 
fattening lost 36.2 percent. In the second trial one pound 
samples were washed in water at a temperature of 120 de- 
grees, Pahr. The shrinkage of the wools of the grain-fed 
lambs was 48 per cent, and that of the lambs in the lot not 
fed grain was 43 per cent. In the third trial half pound 
samples were washed in water at a temperature of 130 de- 
grees, Pahr., and it was found that the wool of the lambs 
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fed grain continuously lost 38 per cent., that from the 
lambs fed grain from weaning 36 per cent, and that from 
the lambs given no grain until fattening lost 36 per cent, in 
washing. These differences in the shrinkage in the wash- 
ing may be credited to the removal of the yolk, or natural 
oil in the wool. The results of the three trials show that 
the average yield per head of wool washed as described 
has been 4.6 lbs. from the lambs receiving grain from birth, 
and 4. 1 lbs. per head from those that had no grain until 
the fattening began. 

LONGEST WOOL FIBRES FROM GRAIN FEEDING, 

The length of the wool fibre seems to have been slightly 
influenced by the grain feeding and small measure con- 
tributed to the weight of the fleeces of the lambs so fed. 
The shoulder wool was measured without disturbing the 
crimp and in the flrst trial it was found that the average 
length of the fibre of the grain fed lambs was five inches, 
while in the instance of the Iambs that had no grain before 
fattening the average length was 3.76. In the second trial 
the increase clip of wool obtained from the grain fed lambs 
was due altogether to the yolk it contained for the aver- 
age length of the fibre of the lambs was 4 inches and that 
of those that had not received grain before fattening be- 
gan was 4.2 inches; a difference so slight as to be within 
the range of error. It should be noted that the difference 
in the weights of the fieeces between the two lots in this 
trial was the smallest of any of the trials. In the third 
trial the fibre in the instance of those that had grain from 
the time of weaning it was 2.8 inches, while the lambs fed 
grain continuously averaged 3. 3 inches long, and in the in- 
stance of that of the lambs that had no grain before or 
after weaning it was 2,9 inches. The average of the three 
trials shows that the average length of the wool fibre from 
the lambs, fed grain continuously was 4.5 inches, while that 
from the Iambs that did not receive grain previous to shed 
feeding was 3.7 inches. 
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GENERAL BEARING OF THE RESULTS ON FEEDING LAMBS. 

The most important fact, bearing on farm practice that 
is brought forward by the data of these trials is that it 
pays to feed lambs grain from the time of birth until they 
are marketed. It is reasonable to infer that the kind of 
grain fed before and after weaning had an influence on the 
results. Of the grains that have been tried before weaning 
we have found bran the best for lambs at that age. Ground 
oats are good, but their hulls are left almost untouched. 
A small quantity of oilmeal, i by weight, mixed with the 
bran makes an excellent mixture. The lambs will begin 
to eat between the ages of two and three weeks if they 
have a part of the pen partitioned o£E as a feeding apart- 
ment for them. A lamb creep can be easily arranged by 
nailing slats to two cross pieces far enough apart for the 
lambs to pass through but too narrow for the ewes. About 
the fourth week the lambs will be eating from i of a pound 
daily and by the time weaning approaches they should be 
getting i lb. per head daily. After weaning oats makes an 
excellent ration. They do not need to be ground. At this 
time until fattening starts it will be found the most'profit- 
able to limit the lambs to half a pound of oats per head 
daily. 

When the fattening begins the oats may be added to by 
the addition of com. Best results have been obtained by 
feeding equal mixture by weight of oats and corn for the 
first month and then. increasing the proportion of corn to 
hree parts by weight and continuing to feed that the fol- 
lowing month, and then finish the fattening by the addi- 
tion of a small quantity of oil meal, about i by weight. 
The lambs may be started on one pound per head daily, 
and increased so that the average daily ration throughout 
the fattening will be about two pounds per head. As soon 
as the lambs have started well it is a safe guide to feed 
them all they will eat with a relish. The ration should be 
added to by the addition of two or three pounds of clover 
hay or corn fodder and the same amount of roots. 
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III.— Summarf of Results. 

The following condensed results have been obtained from 
feeding lambs in this way in comparison with the other 
method which allows them no grain before weaning or un- 
til fattening begins in the fall : 

1. The feeding grain before weaning produced an average 
of 61 cts, per head more profit at weaning time than that 
obtained from the lambs receiving no grain. The average 
value of each lamb in the lot receiving grain at $5.66 per 
hundred was $3.83 per head, and the average value of the 
grain they ate was 33 cts. per head, while the average 
value of the other lot not receiving grain at $4.91 per hun- 
dred lbs. was $2.89, leaving 61 cts. profit per head in favor 
of grain feeding. The average of the three trials shows 
that the grain-fed lambs before weaning required 4 lbs. of 
grain for each I lb. of gain that they made over the lambs 
that had no grain. 

2, The feeding of grain after weaning to lambs that had 
not received any before weaning produced an average in- 
crease which slightly more than paid a good market price 
for the grain they ate up to the time they were to be sold 
in the fall. The average value of each lamb in the fall 
after having received grain from weaning time was $3.66 
at $4.00 per hundred lbs., and they ate 54 cts. worth of 
grain per head, while the average value per head of those 
that had not received grain, at $3.81 per hundred lbs., was 
$2.96; a difference of 16 cts. in favor of the lambs fed 
grain since weaning. As the average of the three trials it 
required 6.7 lbs. of grain for the grain-fed lambs to make 
1 lb. of gain more than those that had no grain. 

8. The feeding of grain both before and after weaning pro- 
duced an average of 34 cts. per head more profit if sold in 
the fall than that obtained from the lambs that were not 
fed grain. The average value in the fall of each lamb in 
the lots receiving grain before and after weaning, at ^i.Sl 
per hundred, was $J.82, and the average cost of grain was 
$1.38, while at the same time those that had no grain, at 
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$3.81 per hundred lbs. were worth an average c 
head, a difference Id profit of 34 cts. per be 
credit of the lambs that received grain. 

4. The results of the three trials show that 1 
appreciable difference in the gain made during 
fattening between the lambs that had grain ; 
fattening and those that had not. The differe 
cost of gain was more marked, there being 
difference of 29 cts. per hundred in favor of thoi 
no grain previous to fattening. 

The average weekly gain per head of the lamt 
previously was 2.89 lbs. during the fattening, 
of the other lambs was 2.95. The average cost c 
dred pounds of gain was $i.93 in the instance of 
fed lambs, and 5S4.66 with those that had no gi 
fattening started. 

5. When the experiment was concluded and 
that had grain before fattening and those tha 
were ready for market, the average profit from 
was 48 1-3 cents per head greater than from 
The average weight of the grain-fed lambs whe 
140.2 lbs., and that of the others was 121.7 lbs 
The former brought 75 cents per one hundred lbs, 
those that had no grain before winter feeding. 

6. The grain-feeding had a marked influence c 
ness of the maturity of the lambs. In the first 
the grain-fed lambs reached an average of 1: 
head in weight, seven and four weeks respectiv 
the others. In these trials the average cost of i 
in the instance of the grain-fed Iambs was ^2.(. 
exclusive of pasture, while in the instance of 
lambs it was i!^1.96 per head. This difference ii 
largely due to the heavy feeding of gram aft« 
and when this was guarded against in the third 
found that the average of 113.9 lbs. per head 
lambs that had no grain reached on the conclui 
experiment, was made seven weeks sooner bj 
fed grain continuously, and it was made at a s 
cost. 
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7. There was no difference in the character of the meat 
in the carcasses of the iambs that had grain continuously 
and those that had not. 

8. The per cent, that the lambs dressed . was about the 
same in all lots, and no marked difference was found in the 
weight of the different organs of the body. 

9. The feeding of grain made all the fleeces of the 
lambs receiving more compact and smoother than the 
others. 

10. The grain-fed lambs sheared in the three trials an 
average of 2.2 lbs. wool more per head than the others. 

11. The greater amount of wool shorn by the grain-fed 
lambs was to an extent due to the greater amount of yolk 
or oil it contained. The shrinkage in the first two trials 
was 5 per cent, greater in the instance of the grain-fed 
lambs than with the others, and in the last trial it was 
2 per cent, greater. 

12. The wool on the lambs that were fed grain contin- 
uously grew to a slightly greater length than it did In the 
fleeces of the others. In the first trial the average length 
of the shoulder fibre of the grain-fed lot was 5 inches as 
against 3.76 in the other; in the second trial 4 inches as 
against 4.2 inches, and in the third it was 3. 3 inches against 
2.9 inches. The second trial showed no appreciable differ- 
ence in this particular. 
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inder investigation. One hundred ol 

the circulars were sent furnished cor 
ig definite quantities of the feed stulf 
PS, as exactly as the circumstances -^ 
ity of the rations were not obtained u' 
1 correspondence, as many as three 1 

instances been sent to one party b 
y data could be secured. In a larg' 
proved impossible to ascertain with r 
tie quantities of feeding stuffs fed dai 
ds the coarse feeds, and many rations 
I of being complete could therefore no 

riter takes this opportunity of thank 
rho favored him with the informati< 
ideration and public spirit shown 
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data which in many instances was not obtained until after 
a good deal of trouble and painstaking work. It is hoped 
that the very varied conditions of feeding represented in 
the rations reported from the different regions in our large 
country will suit the cases of one and all American dairy- 
men striving to improve their system of feeding so as to 
produce the largest quantity of dairy products at the least 
relative cost of food. 

The rations are arranged alphabetically according to 
states; the names and addresses of the dairymen and 
breeders who furnished the complete rations fed to their 
cows are given (by special permission), and then the num- 
ber of cows in milk in each herd, the breed, average live 
weight oE cows, average annual yield of milk and butter 
per head, average per cent, of fat in the herd milk, the 
specialty of farming followed, whether breeding or pro- 
duction of milk, cream, butter or beef, and finally, the 
length of time and the season during which the cows go 
dry. 

It may be in order to state in regard to the annual yields 
of butter and milk given that the reports are apt to be 
rather high in many cases. While some of the figures given 
are unquestionably correct, the farmers furnishing them 
keeping careful accounts and knowing exactly just what 
their cows are doing, others are more of good guesses than 
anything else— and in such cases, according to human na- 
ture, rather too high than the other way. No theories 
stand or fall with these data, however. If a farmer re- 
ports an annual yield of 6,000 lbs. of milk, or 
of 300 lbs. of butter, we may feel certain that he is 
doing well and that his figures are approximately correct, 
if the other information given, his method of feeding, the 
kind of cows kept, etc., — is such as would substantiate the 
claims made; if the yield reported were 5,500 lbs. of milk 
or 290 lbs. of butter, our conclusion would be the same. 

There is sometimes a discrepancy between the yields of 
milk and butter reported, and the per cent, of the fat in 
milk; this may be due to a too high fat content of the av* 
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erage milk of the year being given, or the fact that the 
butter equivalent of the milk consumed by the family has 
not been included in the butter yield. In ordinary dairy 
practice where a separator is used, and where the cream is 
properly ripened before churning, the yield of butter will 
exceed the quantity of butter fat produced by about 15 per 
cent. ; 100 lbs. of 4 per cent, milk will give about 4.6 lbs. of 
butter, 100 lbs. of 3.8 per cent, of milk, 4.37 lbs. of butter. 
etc. Where the milk is set by gravity methods, and the 
churning is not done very carefully, the yield of butter 
may easily fall to that of the fat in the milk or even below. 
The names of the farmers furnishing the winter rations 
fed to their herds, with information concerning the man- 
agement of these, are given in the following tables. 
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AMERICAN RATIONS FOR DAIRY COWS. 

The following rations were furnished by the farm- 
ers whose names are given in the preceding table, the 
numbers corresponding to those in the table. As before 
stated, the weights in many eases have no claim to abso- 
lute accuracy; from the natare of the problem it would 
usually be extremely difficult to ascertain the exact average 
quantities of the different feed stuffs eaten by cows in the 
various herds. In some cases, especially the coarse fodder 
may have been somewhat overestimated; in other cases 
average feeds were actually weighed; in general it is, how- 
ever, believed that the rations given correspond fairly 
well with the food actually consumed daily by the cows in 
the different herds, and that they may safely be made the 
basis of discussions of the distinctive systems of feeding 
practiced by the various dairymen and breeders. 

too American Rationt for Dairy CoKS. 



)ni silage, 10 lbs. alfalfa haj, 10 lbs. clover hay, 5 Iba. roller 
2 Urn corn meal. 



4.— 40 IbB. corn eilage, IS lbs, alfalfa hay, 4 lbs. bran, 4 Iba. corn cbop. 

Connecticut. 

6.-35 Iba. corn eilage, 10 Ib^. hay, 3 lbs, bran. 3 lbs. corn and cob meal, 
3 lbs. cottonseed meal, 3 IDs. Cbicago gluten meal. 

Illinois. 

6. — 1i Ibfi. clover hay, 7-}- Iba. timothy hay, 13 lbs. com and cob meal, 8 
Ibe. bran, 1^ lbs. linseed meal, 1^ lbs. cotton seed meal. 



6. — 50 lbs. of corn silage, 4 lbs. wheat shorts, 4 lbs grano gluten. 

e.— 40 lbs. corn silage, 8 lbs. timothy hay, 4 lbs. bran, S Ibe. com meal, 

10.— 10 Ibe. timothy hay, 10 lbs. clover bay, 8 lbs. com, H lbs. oats. 
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Indiana. 
11.— SO Ibfl. corn ellage. S lbs. clover hay, 8 IbS. corn fodder, 1 lb. oat, 
straw, 1 lb. wheat straw, G Ibe. bran, 2 lbs, oil meal, 2 lbs. oottcm . 
seed meal. 



18.— 34 lbs. corn fodder, G lbs. com meal, S) Ibe. bran, U IbB. oil meal, « 
lb. cotton seed meal. 

loma. 
14. — SO Iba, cnm eilage, G Ibe. hay, G Iba. com fodder, 1 lb. oat etraw, 1 
lb. barley straw, 5 lbs. ear com, 2i lbs. ground oata and barley. 

15.' — 10 lbs. corn silage, G lbs. timothy and clover hay, 7 lbs bran or 
shorts. 

16.-30 to 25 IbB. clover hay, 12.7 lbs. com, 4.9 lbs. oate.. 

Kansas. 
1T.-50 lbs. Borghnm fodder; 7^ lbs. of hay, S.3 lbs. of braa, 8.2 lbs. ol 
corn meal, li lbs. oil meal. 

Eentuclq/. 
18. — 33.6 lbs. corn ailage, 6 Iba. clover hay, 8 lbs. oora fodder, 6 Iba. com 
meal, 4 lbs. ship stuff, 2 lbs. oil meaL 

MoMaehusetts. 
10. — 40 IbK. com silage, G Ibe. English hay, 5 lbs. clover hay, 3 \bs. bran, 
3 lbs. Klut«n meal, 1 lb. cotton seed meal, 1 lb. linseed meal. 



31.-13 Ihs. timothy hay, 10 Iba. rowen, 1,8 lbs, shorts, 3.6 lbs. com meal, 
8 lbs, cotton seed meaL 

Kiehigan. 
22. — 37.5 lbs. com silage, 3} lbs. clover bay, 8} Ibn. timothy hay, 8.8 Iba. 
bran, i lb. oata, 1 lb. rye, i lb. linseed meal. 



Kinneaota. 
21.— 50 ibs. corn silasie, 8 lbs. hay, 3 lbs. bran, 3 lbs. shorts, 8 lbs. ground 
rye and oats, 2 lbs, barley. 

26. — 8 lbs. corn fodder, 7 lbs. clover and timothy hay, 5 Iba. sheaf oats, 
3 lbs. rutabagas, 3 lbs. bran, 8 lbs. oata, S lbs. corn meal, 2 lt«. oil ~ 

26. — 23 loe. clover and timothy hay, 10 lbs. ground barley. 
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tfevj Hampshire. 
29a. — 10 lbs. clover and witch grass hay, 10 lbs. com stover. 5 ll>9. nn- 
thrashed barley, 2 Iba. corn and cod meal, 2 Iba. shorta, 2 lbs. cotton- 
seed meal. 

29b.— It. 7 Iba. clover and witch gr^te hay; 8.8 lbs. oat straw, 10 lbs. 
meadoiv haj. 3 1)ib. shorts, 2 lbs. corn and cob meal, 1 lb. ground' 
pease, 1 lb. oate, I lb. barley. 

SBo. — 10 Ibx. meadow bay, 10 lbs. corn stover, 6 Ibd. pea straw, 3 lbB> 
midil'mffs li Ibi. gluten meal, H lOJ. Rotton seei uiiil, 2 lbs. 
(11 r aid cob meal. 

29d. — 10 lbs. clover and witch graas hay, 10 Iba. meadow hay, 5 lbs. pe» 
straw. 3 lbs. shorts, 1 lb. Ktuten meal, 1 lb, cotton seed meal, 2 Iba, 
corn and cob meal. 



Weio Jersey 
81a.— 24 lt>3. com silage, 8 Ibe. com meal, 2 lbs. bran, 4 lbs. oats, 3 Ihs. 
oil meal. 

Sib.— 24 lbs com silage, 4 lbs. com meal, 3 lbs. bran, 6 lbs. oats, 2 lb«. 
oil meaL 

New ybrk. 
S3.— 20 lbs. bay, 3 lbs. bran, 3 lbs. cotton seed meal, 3 lbs. hominy meal. 
}. cotton seed meal, 

meal, 3 lbs. 14. P. linseed meal, 4 lbs. wheat bran. 



I. linseed meal, 1 lb. 



i8 lbs. of hay, 4 lbs. ship stuS. 

10 lbs. hay, 3^ lbs. bran, 4^ Ibe com and cob meaL 



43,-38 Iba. hay, 4 lbs. bran, 3 lbs. cotton seed meal, 3 lbs, com meal. 
lbs, corn meal, .6 1 



nmeal, 1,0 lbs. ground ottta, .8 lb. 
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44. — 40 lbs. com silage, 8 lbs. cotton seed meal, IB Ibe. coro-etarch feed. 



47.— 30 Iba. hay, 2} lbs. cotion seed meal, 2^ lbs. corn meal, 3 lbs. shorts. 

48. — 9 lbs. clover hay, 9 lbs. timothy hay. 5 lbs. corn fodder. 5 lbs. of oat 
and pea straw. 1 lb of oats, I lb, buckwheac middlings, 1 lb. 
corn, 1 lb. rje bran, 1 lb. wheat bran, l.S lb». cotton seed meal. 



North Carolina. 

S3.— 30 tba. corn ail^e, 8 lbs. fodder corn, 3 lbs. corn meal, 3 lbs. bran, 1 
lb. cotton seed meal. 

Horlh Dakota. 
68. — 33 lbs. prairie bay, 6 lbs. bran. 

Ohfo. 



a ailage, 8 Ibe. clover hay, 6 lbs. "seconds". 



Q8.-"-M) lbs. corn silage, 9 lbs. clover hay. 
FKtmtj/Ivania. 



Sl.^24 lbs. com fodder, 6.11b. bran, 6.1 lbs com meal, .8 lbs. cottonseed 
meal, S lbs. oil meal. 



88.-16 lbs. com silage, 83 lbs. sugar beets, 10 lbs. hay. 6.4 Iht. oats, 7 
lbs. com meai. 

M,— 40 lbs corn sil^e, 8 lbs. clover hay, 6 lbs. ooarse linaeed meal. 

06. — 10 lbs. hay, 6 lbs. com fodder, 6 lbs. com meal, 8 lbs. wheat bran. 
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1 meal, 4 IIm. wheat 



Iba. com eilage, 13] lbs. sorghum hay, 1.8 lbs. corn me&l, 2.6 Urn. 
cotton seed meal, 3.S Ibe. cotton seed, 1,3 lbs. wheat bnuk 



< lbs. alfalfa ha;, ^ Ibe. wheat bran. Si lbs, barle;. 



n eilage, 14 Ibe, hay, 3 lbs. bran, 2 lbs. gluten meaL 



> lbs. hay, 1.8 Iba. wheat bran, .» lb. wheat middUngs. 



I lUB. alfalfa bay, 7 lbs. bran, 7 lbs, ehorts, 3 lbs. malt sprouls. 



□ milage, 6 Ibe. clorer hay, 6 lbs. bran, 3 lbs. pea meaL 

□ etalkB, 8 lbs. bran, t 



a meal, 3 lbs. oati. 



n silage, 10 lbs. clover hay, 9 lbs. bran. 



i lbs. corn silage, IS lbs. clover hay, 8 lbs. shorts, 4 Iba. com meal, 

I lbs. roots. 8 lbs. oat meal, S lbs. oil meal, 16 lbs. hay, 10 lbs. com 
fodder, 4 lbs oat straw. 

t lbs. com silt^e. 4 lbs. clover hay. 4 Ibe. timothy hay, 9 lbs, oat 
straw, 2 lbs. corn stalba, 6 lbs. wheat screenings, 3 Ibi. malt 
sprouts, 2 lbs. oil meal, 1 lb, wheat bran. 
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III-, com iilage, 15 Ibe. com fodder, 6 lbs. clover hay, 5 Ibe. bran, 
straw, 4 Iba. com 

a stalks, 3 Iba. oat 

ra stalks, S lbs. oat 

SI.— 50 Ihe. com silaK«> 1^- sbeaf oats, 6 lbs. com fodder. 1 lb. olnver 
baj, 1 Jb. millet, 3,7 lbs. cotton seed meal, 1. S lbs. of oil meal, Q 
lbs. bian, 

Canada. 

92 — 10 IbB. com silage, 6 lbs. hay, 6 lbs. straw, 41 lbs. bran, 4i Iba. oat«. 

M. — 45 lbs. com silage, 6 Ibe. hay, 5 lbs, bran, 3 lbs. cotton seed meal 

04.— 45 Ibe. turalpa, 7 lbs, of wheat chaff, 15 lbs. silage, 2} lbs. oats, 2i 
lbs. pea meal. 

M.— 30 lbs. com silage, 13 lbs. bay, 10 Ibe. ground oats. 

9S. — M^he. com silage, 80 lbs. turnips, 8 lbs. clover hay, i lb. straw, 
3\hs. oats, 2 lbs. wheat bran. 

97,-60 lbs. com silage, 10 Ibe. clover hay. 8 lbs. straw, 5 lbs, pea 



pea meal, £ 

n.— S5 Ibe. com silage, 8 lbs. English hay, 80 lbs. carrota. 1,3 lbs 

bran, 1.8 lbs. middlings, S Uh. cotton seed meal, 1 lb. oat. S 

lbs. wheat. 

100,-40 i(«. uuiu silaife. 7^ Ibe. clover hay, 3 Iba. straw, 1^ lbs, oats, li 

lbs. barley, li lbs. pea meal, 3 Ibe. wneatbran.l lb. cotton seed 

'InBuUetii No. 38 of this Station, of which the present article is 
largely a reprint, extracts from correspondence with the farmers fur- 
nishing the preceding rations are given; the extracts throw a great deal 
of light on the systems of farming followed, farmers' opinions concern- 
ing the feeding value o( different cattle foods, etc., but space forbids 
more than a mere reference to the Bulletin at this place. 
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nutrients in preceding rations. 

The nutrients in the rations given in the preceding 
pages are shown in the following table. The composition 
and the digestibility of the various feed stufEs were taken 
from the compilation published in the latter part of the re- 
port. For an explanation of technical terms used in the 
table and in discussions throughout this report, see the 
chapter on Composition of Feeding Stuffs by the writer. 
For the salie of comparison the components of the rations 
have been calculated per 1,000 lbs. live weight. 



nutrients in 100 AmeriMin winter rations for dairy oouw, in lbs. 
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KittrumU in 100 American winter rutioTis for dairy coma, inlbg, — ooDtinned. 









D.™.,«u 


Mxt™. 








Frotein. 


Carbhidr. 


Fat.. 


TotaL 


Kaiia. 


Jtnm. 


B4.W 
K.OS 


1.84 
1.81 


16.01 
rt.lB 


.70 


17.11 
14.87 




15 












Average... 


sa.ss 


i.oa 


IB.OS 


.sa 


17. SO 


i:a.s 


TaTuat 


17.39 


130 


10.43 


48 


12.27 








rnifuffctf. 


19, ra 

80 31 
~~S3 33~ 


8.38 


14.04 


.91 


17.03 








Mamchiuetlt. 


1.15 

2.S0 


10.43 

ii.ao 


.75 
.88 
.M 


18,33 
,... 18,46 
















Average. . . 


a.ie 


11. *s 


.7» 


1*40 


1.6. « 


!3 


84.82 


i.« 


IO.08 
18,4» 


.65 

,74 


12.08 
SI ,84 


l:7.B 






ATerase... 


96 39 


103 


14.38 


,6« 


It 30 


;(.S.l 




is.oa 
la.aa 

SB. 81 


i.n 

1.9> 


lO.M 


.60 


i!,9e 

ia.M 
















ATerage... 


»i a< 


I 69 


IS. 18 


.50 


14 3S 


1:7 » 


Sibratlca. 

gl 


xs.tr 


1.85 


la.w 


.71 


14.83 

20,09 


1:7.6 






ATaraBB... 


so, 89 


s.oo 


14 73 


.79 


17 4S 


l.-«.» 


jr«o Eampikire. 


SB.HI 
)iS.97 

B8.1! 
38. BS 


s.sg 

S.Sl 

a.84 


14.B7 
IB .47 
W.flB 
18.B8 


.70 

.63 
.66 


17.46 
17. S8 
18,64 

17,84 




»b 


1:8-8 


£Bd 

« 


1:5 Jl 


AnM|«- 


83 84 


8 43 


38.84 


.r» 


IS 40 


1:S.3 
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En 100 American winter rations for dairy tsowt. 
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CaibhjOi. 


FU. 




I7.TS 
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10.08 


.8! 
-79 


SragB. 


1S.S7 


eoi 


10.90 


.S3 


'■••••• 


91.19 
S1.41 

1B.M 

i«.«e 

M81 
«.SS 
K.M 

ts.as 
u.« 
n.ia 

«7.7B 

80.11 

IB .IS 
tt.SS 
19.18 
18.88 
M.B8 

S1.30 


* 

1 
1 

a 
i 

8 


n 
at 

H 
SI 

M 

«7 
8S 
BO 

44 
81 

01 
63 

8T 

JO 
U 

87 

OS 


IS- 78 
lt.«l 

7.7B 
II. 48 

IS. IB 

12.83 

11.10 
18.84 
14.85 
18.00 
IS.IB 
O.K 

IB.98 
14.90 
W.Ol 
14.08 
18 SI 
8.94 


.79 

.78 

.88 

1.07 

.88 
' .40 

.47 

.!fl 

.98 
1,08 

.SB 

.87 

LSI 
.84 


'«race 


V 


ST is.aa 


.84 


Una. 


BO. 38 


a.79 


ii.»a 




to. 


»r.«4 


1.74 


it.ae 


.48 
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in Bit. — conttaned. 







,. 


DldCSTIBLB HllTXB. 


Nutr 




mutwr. 


ProtelD. 


Orbhydr. 


Fat. 


Total. 




TB 


£I.«0 


».flS 


10 Si 

lO.lB 
13. SO 
18.80 

Ifl.OJ 
12.17 

18.7B 
14.43 
18.E8 
13.82 
14.22 
16.02 

12,4B 


.SS 


11.89 

)8.e8 

17.68 

19.90 
IE. 18 
16.45 
22.78 
17. S4 
18.48 

16.68 
17.47 

16,18 


1:4.* 




a 

ST 
SI 

es 
ss 

84 

se 

SB 
24 


18 

24 

00 
63 

S5 

79 




M 

85 

Gl 
M 

89 
W 
T8 




se 

n 

m 

M 
13 

66 

88 
99 


1:6.8 


79 












ea 


1:8.8 




1:7.0 


ej 












sa 












M 


1:6.4 


Average... 


ss.ea 


».I1» 


IZ.BS 


.7i 


30 91 


iir.i 


Canada. 






10.60 
12.48 

ISO? 
14.87 




BS5 

11.03 

18,98 
14.46 
14.98 


1-8 T 




13 

IB 

IS 
K 


61 

M 

78 




83 




81 
74 

S7 

79 
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1:8.7 


W 


M 


1:8.8 
1:10,3 










am 
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, ATerage... 


»1.S7 


'-^'' 


11.99 


.03 


i4.oa 


1:7.4 
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DISCUSSION OF RESULT 

Number of cows. — The hundred hei 
which we are here considering, conta 
gate 2,931 cows in milk during the wintt 
contained from 5 to 150 animals, the a 
ing 3!) animals. 

Breeds represented. — Nearly all the 
milch cows found in this country are 
herds; the Jerseys lead, and next in nui 
steins, Short Horns, Guernseys and Ay: 
given, with single representatives of thi 
Polled and Devon cattle. 

Yield of tnilk and few^ier.— Referrin 
on these figures on p. 87, we note that 
yields of milk and butter reported wei 
lbs. per head, respectively; G8 farmers re] 
yields of milk and 51 those of butter. Th 
3,000 to ia,000 lbs or milk, and from 1 65 t 

Average per cent, of fat in herd milk 
cent, of fat in herd milk was reported 
figures range between 3.5 and ^.0 per ce 
average of 4 59 per cent. 

The farmers giving the average fat C( 
milk were not always the same as thos' 
nual milk and butter product per cow, 
figures for these data are not direct 
going over all the figures carefully it 
that the average yield of butter reported 
rect; while it may have been overestim. 
in others no allowance was made for thi 
such, so that the average may be consi 
that IS, a little more than 300 pounds of I 
cow. 

This is a good average yield and m 
good standand. It has been exceeded 
only by a careful system of grading v 
weeding out poor cows, along with rit 
plication of modern methods of cream 
While oar best dairymen do still better than this, exceedSne i 
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rage by one hundred, and in single instancea by near- 
hundred pounds, the majority of dairy farmers do not 
t. The only way in which such a result can be 
d, is by following the example set by men like those 
work ia reported in the preceding pages: by a care- 
dy of all conditions entering into the dairy business 
;ors, the kind of cows kept, the system of feeding, 
iking and sale of the products, etc. 
,te years it has come to be considered more and more 
al to learn the value of each individual cow in the 
or this a Babcock milk tester and a reliable pair 
38 are indispensable, and a'so a looking into the feed 
t of each cow; the best cows are the ones that give 
■gest quantity of products at the least relative ex- 
<f food and labor, and neither they nor the poor cows 
tierd can be found out except by a careful study of 
)od consumed and products obtained in each single 
This means opening up an account with each individ- 
V in the herd, in a measure in the same way as a store 

keeps a special account with each customer. 
! during which cows go dry. — As will be learned by 
:e at the tables, pp. 8U-95, the practice followed by the 
ty of farmers in regard to the drying off of cows is to 
lem a rest of from one to two months previous to 
f. Some farmers report that they cannot dry off 
ows, or only with difficulty, but they are in the mi- 

the practice of milking up to the time of calving is 
[y condeamed by the best authorities; it impairs the 
utional strength of both mother and calf, and 
9 the production of milk or butter during the subse- 
lactation period. 

time when the cows are generally dried off, is gov- 
3y local conditions and business methods. If a far- 
ts a winter dairy, or supplies milk or cream to a 
iry, he will dry off his cows in the latter part of the 
)r when dairy products are low; if he delivers milk 
plies butter to private customers he wants about the 
[uantity of milk the year around, and arranges it 
e his cows come in at all seasons, etc. 
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7 stuffs used —The rations given on pp. 96-101, in- 
cludu three succulent feeds, eighteen coarse dry fodders, 
twenty seven concentrated feed stuffs, six kinds of roots and 
tubers, and one miscellaneous feed (skim milk), in all 56 
different kinds of feeds; nearly two-thirds of the rations are 
made up of the twenty-two feediogstuffa given in the follow- 
ing list showing the number of times which the more im- 
portant feeds appear in the rations; it will give a good idea 
of their relative economy and the favor in which they are 
held as winter feeds for dairy cows by our farmers. 



Boota ISUniM. 

OiMiiIodWuMliMlka Ktlmea. 

■ixed hw 48 times. 

WmotbyiiB^, filUmeB 

OMUraw IB lime*. 

Oonrbar WUmes 

Wheat bnm .rs times 

WbMtlboita I3Um«. 

Wbeftt mlddHDgg. 11 time* 



Corn and cob meal ..__. 11 "-itm. 

Wheat ^„ aoiam, 

Oala „ KOmm. 

Barler IIUiihk 

UDseedmeal.... ■TlliDi& 

OottoD FMdmeal ntlmca. 

Fes meal II Hnina. 

Halt spranla IcinM^ 

GluMnmeal.. BUnMa. 



Nutrients fed in the various rations. — The tables on pp. 
102-106, show the nutritive groups in the various rations, 
calculated per 1,000 lbs. live weight. As only a few rations 
were secured from some of the states, the average figures 
for each state do not offer reliable data for comparison. 
In the following table the states represented have been 
grouped in this manner. 

New England States. — New Hampshire, Vermont, Uiusachtiaetls, Oo» 
necticut. 

Middle Stales. — New Tork, New Jerxey, Feonsjlrania, West Tirgiula. 

Central .Stales.— Ulinois, Indiana, Ohio, Kentuokf, Iowa, Kftnnan. N^ 
braeka. 

Jiorth Central Slates. — Wisconsiii, Miohigan, Minnesota, North Dakota. 

Southern Slates. — North Carolina, Texas. 

Sodey Mmmtam States. — Colorado, Utah. 

Pacific States. — Washington. 

Including the rations given in the tables referred to 
under these groups we have the following summary; 
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NiitrienU in ration* for da%ry cows. 



DlQUTIBLK HUTSB. 



Naw EDgUnd StAtes, 

Middle BMM. 

OwXrsI SMtM. 

Hortli Central Etatea. 

Southern States 

Book; Hountaln Stat 



We notice here a general similarity in the make-up of the 
rations considered in the preceding pa^es ; excluding the 
six rations from the Rocky Mountain states and Washing- 
ton, the average rations vary only slightly, and practically 
not at all in the relation of nitrogenous to non-nitrogenons 
digestible constituents (nutritive ratio), which in all cases 
is about as 1:7. The rations, therefore, corroborate the re- 
sults found by an examination of all data on this point 
available when published by the writer in the ninth annual 
report of this Station. Including the twenty eight rations 
previously published, and combining the New England and 
Middle states, the Central and North Central states, the 
Rocky Mountain states and Washington, we have the fol- 
lowing table of summary: 

Bummary of rafiona for dairy cow*. 





No, o( 


IrenniC 








a 


»,».. 


Fat. 


TottO. 


BatJo. 




H 




El.SB 
».64 
SS.4S 

SB. 23 


S.08 

e.oci 

l.TB 


la.M 
11. » 


.77 
105 


1B.» 

ie.iT 

14.0S 




Middle BtatM 








states 




Canada 


1:7.* 
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As will be seen, the average rations fed in the Eastern, 
Southern and Middle states are very nearly identical; the 
Canadian rations are all lighter rations than these (with 
but one exoeptioQ), while the nutritive ratio is slightly 
wider. An examination of the table on p. 'Jo will suggest 
the reason for the light Canadian rations; eight out of the 
nine farmers reporting give breeding as their specialty of 
farming. 

The western rations are greatly heavier and of a nar- 
rower nutritive ratio, owing to the large extent to which 
alfalfa enters into the rations. The number of rations se- 
cured from these states is too small, however, to allow of 
generalizations as to the system of feeding practiced there. 

Combining all the above 128 rations which have been fed 
by successful dairy farmers and breeders in the various 
parts of our continent, we have the following average 
American ration, as it may be called, as against the rations 
published by German scientists, and heretofore largely used 
in this country. 







Ame 


Hcan ration for dairy cows. 










Orgaalc 


DlOEBTIBLE MaITIH. 


NulHti™ 




Proleln. Carbohydr. Fat. 


Tolttl. 




nrr. 


for !!» 


IbB, 


IbB. lbs. 
a.l8 13,97 


lbs. Iba. 

.M le.ie 


lb^.. 



This ration is practically the same as the one published 
in our Ninth Report; it is believed that it will be found 
correct for our American conditions, except perhaps for 
those of the Rocky mountains and the Pacific states. While 
local conditions or the business methods of farming in some 
sections may make a ration desirable which contains more 
protein than this, and has a narrower nutritive ratio as a 
consequence, we feel confident that in the large majority 
of cases its adoption will give satisfactory results, and that 
it is preferable to the German standard ration so long 
placed before our stock feeders as the ideal one, the nutri- 
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ich is 1 r5. 4. It is the result of Americati 
ince; the majority of oiir most successful 
n the way mdicated by the ration, and we 
■ amiss if we follow their example. 
. importance in this matter lies in the fact 
mous feed stuffs are generally our mostex- 
as the results published in the preceding 

show, it will not as a rule be necessary to 
s with such quantities of them as to bring 
of nitrogenous to non -nitrogenous digest- 
s in their ration down to 1:5.4. Usually 
led to feed more than one-seventh as much 
Ls we do of the latter; hence we can make 
:o a large extent of feeds like corn fodder, 
led hay, clover hay, corn, oats, pease, etc. ; 
apply the more expensive highly nitroge- 
lall quantities. 

e importance of rations and feeding stand- 
their uses and limitations, etc., the reader 
lie discussions on the subject in this and 
ts from our Station. While wo may be 
extent by their teachings, we must not be 

question of the proper kinds and classes 
> feed for any single purpose is one of prac- 
and not one of physiological chemistry. 
t prices of caitle foods and the local condi- 
ich a great extent with different regions, it 
no universal "best" ration for milch cows 
' animals can be given. It is believed, how- 
airy farmer can easily select a ration suited 
i from the abundant material given in the 
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ON THE COMPARATIVE FEEDING VALUE 
MEAL. CORN MEAL AND WHEAT BRAI 
MILCH COWS. 



F. W. WOLL. 



The question of the comparative value of li 
corn meal and wheat bran is of a great deal of 
to Wisconsin dairymen. Large sums of mon 
out every year for concentrated feeds for the i 
the question of which kind or kinds of feeds a 
economical is one frequently asked in letters ti 
our Station or in the agricultural press. A 
plained in discussions of this subject in previi 
tions of this Station, there can be no set rv 
relative value of cattle feeds, as this depends 
the combination in which the feeds to be compt 
and on the ends sought. Any data obtained in 
periments with different feeds will, however, be 
showing their comparative effect under simila 
and for similar purposes, as described in the e 

The experiment reported in the following 
conducted at the University farm in 1893; t 
separated into three even lots were included in 
ment. The experiment was divided into thre 
four weeks each. All cows received throughou 
ment a basal ration consisting of eight pounds 
four pounds of shorts, and yellow dent corn sila§ 
In addition the cows in the three lots recei^ 
com meal and bran during the different periods 





Lot A. 


Lots. 




Oil meal. 
Com meat. 
Oil meal. 








Perlodin .- 


Corn meal. 



Goo '^lc 
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The quantities of grain feeds given, exclusive of shorts, 
varied according to the capacity of the different cows, one 
. sow in each lot receiving five pounds, two receiving four 
pounds, and one three pounds per day. Each cow was 
given the same quantity of oil meal and corn meal, or com 
meal and bran, or bran and oil meal, during the different 
periods of the experiment. 

The following is a list of the cows included on the ex- 
periment, with information concerning their breed, age, 
dates of calving and service : 

List ofeowa on the experiment. 



Benie Belfer . 

Doubtful 

HoiEj Helter .. 



Bned. 


mate age. 


CalTed. 

Sept.IO.'W 


N«tlT6 "..... 


leyean.. 


Grade Jereey 


« T«r.... 


Not. G ... 


HlghgndeJeru;... 


6 re«,... 


Oct.4 


High grade JwMT... 


B year.... 


Sept. SB. . 


QradoJerwy 


11 yeani.. 


Sept. W>.. 


HollUiin-Jar».r.. . 


» jean-,. 


Oct. ES. .. 




11 jeara.. 








mgh grade Jeraay... 


4 years... 


Nov.T.... 


High grade Jeraey... 


* yeara... 


Hay 16 .. 


High grade Jersey... 


fl years.. 


Sept.*.... 


High grade Jeraej... 


(M years.. 


Oct. 8. .. 



The preliminary feeding on the experiment began 
December 27th, 1892 ; the experiment proper began January 
2d, 1893, and ended April 6th; one week of preliminary 
feeding introduced each period; during these intermediate 
weeks the milk and food were weighed as usual, but the 
data obtained during these weeks are not included in the 
total results for each feed. The milk of each individual 
cow from each milking was weighed, sampled and an- 
alyzed separately. The sampling took place during the 
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first and fourth -weeks of etich period, when the cows were 
also weighed daily, and the quantity of water drank by 
each ascertained. The cows were milked twice a day by 
the same farm hands throughout the experiment, and in 
the same order, the milking beginning at 5 P. M. and & 
A. M. sharp. The fat content and the specific gravity of 
each sample of milk were determined; the nitrogen and 
the ash contents of the milk were determined twice a 
week in composite samples of the morning and evening 
milk from each cow. Microscopic examinatiors of the 
mixed milk from each lot were further made on the first five 
days of the first and the fourth week of each period. The 
corn silage fed on the experiment was sampled once a 
week, and the grain fed and oat hay each week when the 
milk was analyzed, the sampling in all cases taking place 
at regular intervals. 

The experiment progressed without any accident of any 
kind after the first week; one of the cows of the experi- 
ment lost her appetite during this week, and as a result 
yielded very poorly; it was, therefore, considered best to 
change at once, and the cow Daisy given In the preceding 
list of cows was included on the experiment in her place. 

The Fodders Fed. — The com silage fed on the experiment 
was from the Station circular silo, and was made from 
Pride of the North yellow dent corn; the silo was filled 
September 8th, 1892, and opened December 8th, The corn 
was mostly dented at the time of cutting, and was in good 
condition. The silage was of a very good quality. 

The wheat shorts and bran were bought from the local 
roller mills. The oat hay was grown on the University 
farm; it was cut when the kernels were in the milk and 
cured in an exceedingly fine condition; the yield obtained 
was at the rate of about three tons per acre. 

The corn meal was from Iowa com, and was bought in a 
carload lot. 

The linseed meal was from the Mankato Linseed Oil Co., 
Mankato, Minn., and was new process oil meal. 
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ig. — Hay was fed first in the morning (at 
I in the afternoon (about 3 P. M ); after 
was fed, being mixed with hay if any was 
was then fed. In the afternoon grain was 
clock, and silage a little before 5. Water- 
g of the cows took place at 9 A. M, Peed 
ned out and residues that might be found 
jtween 10 and 11 A. M. 
a not let out during the whole experiment; 
in Bidwell box stalls and seemed perfectly 
the time. When let out at the close of the 

acted in no Way so as to indicate that the 

injured them. 

FED AND DRY MATTER CONSUMED. 

average quantities of feeding stuffs were 
first and the fourth weeks of the different 
ige was fed ad libitum, the small quantities 
ly and silage are deducted from the total 
d out and the difference averaged per day. 



2ge rations eaten per head, in pounds. 



K 


OMhajr. 


Whaat 
aborts. 


OUmeal. 


Cornmeal. 


Wheat 
brm. 


». 


Iba. 

T.8 
T.8 
7.8 

8.0 

8.0 


lbs. 

4.0 
4.0 

40 


lb*. 


lb«. 


Iba, 




4» 






4.SJ 






4.0 














4.0 




S.1 


«.1B 


S.S 
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The quantities of dry matter coasi: 
different periois are given below, the ai 
by the different lots during the weeks n 
sampled and analyzed being first give 
sumed during the whole experiment be 
latter half of the table. 

Total dry natter consumed, in pc 







Perto. 


Total f Of 


11 u^ekt- 












Total fin- 










hot C... 




sm. 



Since each period contained the equii 
for one cow, the average daily quantit 
consumed by the different lots duriQg 
as follows: Lot A, 27.02 lbs., 26.58 lbs. £ 
periods I, II and III, respectively; for 1 
27.77 lbs. and 27.81 lbs.; and for LotC, £ 
and 28.26 lbs. 

Average Bations Fed. — The following 
were fed to the cows in the different lobs 
experiment: 

On oil meal, 40.9 lbs. silage, 7.8 lbs. 
meal, and 4.0 lbs. shorts. 

On corn meal, 39.6 lbs. silage, 7.8 lbs. ] 
meal, and 4.0 lbs. shorts. 

On wheatbran, 41.6 lbs. silage, 7.9 ] 
wheat bran, and 4.0 lbs. shorts. 

Owing to pressure of other work the 
were not analyzed beyond ascertaining tl 
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protein contained in them. If the other components are 
assumed according to the average composition of each 
food stuff and ordinary digestion coefficients are taken for 
the constituents, we find that these rations contain the 
following quantities of organic matter and digestible com- 
ponents : 





Oil meal 

ration. 


Coramesl 

ration. 


ration. 




Iba. 


llw. 


1b>. 




S 


89 


M 


«8 




" 




-r. 




















«""•"»» 


'■■'■' 


): 


;^ 


_jl 


S.l 



LIVE WEIGHT AND WATER DRANK. 

All cows gained in live weight during the experiment, 
viz. : from 6 pounds to 79 pounds a head ; the average live 
weight of all cows during the first week of period I was 
912 pounds, and during Ihe last week of period III 949 
pounds, or an average gain per cow of 37 pounds in 88 
days. The following table shows the average live weights 
of the cows aud the quantity of water drank during the 
different periods of the experiment: 
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Average live weights and quantities of mater ii 





Livr Weight. Lm. 


Watbr 




P»rl(KiI. 


Pertod II. 


Period lU, 


Period 1, 


Pe. 


Beauty 


1,119 

8815 
010 


1,13* 
80S 


1,1« 
8ia 
9a9~ 


n 






Sylvan 




Averases 


;o 






Emma 

BUOD 


850 
1.188 

919' 


875 
1,E0I 
758 


887 

i,i!oe 

760 
949 


or 

K 














AvenuceB 


tSS 


939 


960 


t& 






Bryant 

Doubtful 


m 

934 
1,011 
8«8 


S38 
1,0S0 


1,021 


634 
69.9 
7S.5 




Oatoy god 






m 


945 


™ 


88.3 





If the averages for periods I and III for eael 
pared with the figures obtained during the ee 
in each case,* we find that the latter were hig 
than the former as shown below : 





Lot A. 


Lots. 


U«. weight Lbs 


4-Olba. 
-fl.Ilbi. 


-(-21b. 











These figures show the influence of the diff( 
trated feed stuffs on the live weight and the wt 
the animals; there is an increase in weight 
bran feeding over the com meal, and on o 
wheat bran; the water drank is lower on co 
on oil meal, higher on bran than on corn me: 
what higher on oil meal than on bran. This 
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apparent if we collect the average figures for all three lots 
with each feed : 





Oil Meal. 


CornMesl. 


Bran. 


LlTewaIglit,Jbi 

Water drank, lbs 


M,5 


931.0 


940.0 



The lots of cows were very even, so that the preceding 
figures, although each an average for only 8 cows, may be 
safely compared with one another; they show that there 
was a gain in live weight on corn meal and on wheat bran 
over the weight of the cows while on oil meal; as regards 
the water drank, the figures show that the cows drank 
most water while on oil meal, less while on wheat bran, 
and lea^t while on corn meal. This is in accordance with 
well known physiological laws and with general experience, 
which teaches us that the feeding of nitrogenous rations is 
always accompanied by an increased consumption of water 
and an increased excretion of urea and of urine. 



EFFECT OF POOD ON COMPOSITION OF MlLK. 

The average composition of milk produced by each cow 
during different periods is shown in the following table : 



Average Penvntage Compositio 


n Of Milk 
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0.31 


4.79 


S40 


.83 1 0,«0 
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3.88 


.70 
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.79 
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fi.M 
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9.68 
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G.44 
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P..,„l-0.„ 


Period 11.- Wheat 
BUH. 


Pbriod III.-COBK 
Ubal. 


NiMBS or Cowa. 


1 




Is 
ll 




i 




If 




1 




la 






|s 


1 

4.S8 


1 


!« 
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1 


i^ 


i 


11 


1 


Emmft 
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3,69 


.80 


9,71 


5.M 


3,6B 


.83 


9.73 


t.ai 


1.57 


.78 


Bunn 


s.es 


Z.9I 


a.G9 


.74 


X.SO 


aw 


a.ST 


.73 


8.50 




S«i 


.78 


DttlB- 


9.fiS 


<.B9 


a.M 


.74 
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8.59 


.75 


9.64 
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.76 
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5.34 


3.M 
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8.78 
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SO 


.es 


At. for Lot B 
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S.3, 
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9.M 


..« 
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Pkhiod I.-WHUiT 
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PWIOD IL-OlL 
UCAI.. 


Period in,— Wfliir 

BRi». 


SiMEB or Cowa. 


1 




si 




1 




^ 




1 




^3 
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4.50 
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II 
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i^ 


1 
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1 


BiTMit 


9,e7 


a.so 


.79 


e.84 


4.09 


3,30 


.78 


B.71 


5.10 


!3,I6 


.76 


Doubtful 


VM 


a, 07 


8. SB 


,82 


».80 


559 


4.08 


.78 


9,74 


0.07 


3.Kt 


.80 


OtOeDa 


mm 


S,34 


8. BO 


.73 


988 


5,40 


8,30 


.76 


9.88 


5.72 


3.30 


,71 




•" 


4»e 


8.44 


.76 




S.ll 


3,47 


.79 


9.84 


5.51 


3.80 








Av. tor Lot C 


..» 


..„ 


850 


.57 


8,84 


5.19 


3.65 


.n 


9.74 


5.60 


3.31 


.78 



The preceding averages are the arithmetical means of 
the data for each set of four cows and do not take into ac- 
count the quantity of milk yielded by the different animals. 

In changing the food from oil meal to corn meal in case 
of lot A the per cent, of fat in the milk from two cows 
■was decreased and in that of two other cows increased; 
■when the opposite change was made the per cent, of fat 
increased, on the average from .30 to .53 per cent. 

In changing the food from corn meal to bran in case of 
lot B the per cent, of fat in the milk from all four cows 
Increased; when the opposite change was made there was 
also an increase in per cent, of fat, on the average from 
.06 to .23 per cent. 
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In chaaging the food from bras to oil meal in case of 
lot C the milk from three cows became richer in fat and 
that from the fourth cow became poorer; when the opposite 
change was made the milk from all the cows became richer, 
from .32 to ,51 per cent, on the average for the whole per- 
iods. 

If the average data for periods I and III in the preced- 
ing table be compared with those of period II we find that 
the influence of the substitution of corn meal, bran and oil 
meal in the rations of the . th,ree lots may be traced as 
shown in the following statement, the percentage of solids 
not fat, fat, casein and albumen, and ash being higher or 
lower during the second period that the average of the two 
other periods according to the sign affixed. 





Solids Dot 


FaC. 


0^... 


^. 


CemMeM 


+ .14 
+ .06 

+ ■" 


+ .0B 

—.Be 


+ .18 


+ 01 


Wbe.CBr<u> 


+ 01 











The changes in the per cent, of fat shows unanimously 
in the direction indicated in case of all four cows in the 
different lots; with the other constituents there is less 
unanimity and a less decided change. 

We find on the average that corn meal produced milk 
containing a lower percentage of fat and solids, and a higher 
per cent, of solids not fat than did oil meal;. and pro- 
duced a milk containing a lower per cent, of solids, solids 
not fat. and fat than did wheat bran ; wheat bran produced 
milk containing a higher percentage of solids and fat, and 
a lower per cent, of solids not fat than did oil meal. 



EFFECT OP FOOD ON YIELD OF MILK AND FAT. 

The quantities of milk and fat produced by the different 
cows during the different periods are given in the follow- 
ing table, as are also the quantities of silage eaten by the 
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In discussing these figures we shall only consider the 
average data for each lot. If the averages for periods I 
and III are calculated and comparisons made with the sec- 
ond period, we find in the case of the different lots: 



ATerSKCS 
Higher to 






oil meal 


ban for corn meal 


In per ten 

MtB- 

Higherfo 
Inp^cen 












tSan r r ni eal 






or wheat bran periods 


Higherfo 






■ 




' These results do not show any material difference in the 
influence of the three concentrated feeds on the production 
of milk and fat under the conditions present in this experi- 
ment. Oil meal gives a slightly better result than com 
meal or wheat bran, and the latter two feeds give practi- 
cally the same results, the main difference lying in the 
somewhat higher fat content of the milk on the bran feed- 
ing. 

If the data for each feed are summarized, we find the 
total quantities of products yielded by eight cows during 
three different periods; while not directly comparable, the 
figures may be taken to express approximately the rela- 
tive efficiency of the feeds under the conditions given; 
we then obtain the following statement: 
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Mw 




Milk. 


F«. 




IbB. 

SW4.0 
M?7,T 
ICOO.O 


Iba. 
M80,0 

STW.! 


lb*. 
1»7.M 


Commul 


Wheat brao 




.7 
7- 


-9.8 
».» 



The figures given in the preceding table may be 
to represent, in a general way, the differences ob 
from the feeding of the three concentrated feeds und 
conditions given. 

■ Yield of Milk Dunng the Whole Experiment. — As sta 
the introduction, the milk produced by the cows c 
experiment was sampled and analyzed during the fir 
the fourth weeks of each period; the weights of silage 
and of milk produced was ascertained throughout the e 
ment. The data~ have been summarized, and simil: 
culations made as given in the preceding table, wi 
suits leading to exactly the same conclusions as 
already determined from the data obtained durin 
■weeks when the milk was analyzed. For this reasi 
shall not here go over the same ground with the i 
for the whole experiment, but shall only give the 
quantities of silage consumed during the different p 
■when different concentrated foods were fed: 
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EX-EVBHTH ANHUAI. RbPOBT OF THE 
lUealUfor whole experiment, in pounds. 



4U3S ait 

4T17.6 19! 

leal periods 11740. S 

I Meal p»rlods 1BM1.8 

at Bran periodB IfOOI.S 

1 results show thai about five per eenf, more 
(reduced on corn meal and on bran, than on oil 
the yield on corn meal and on bran practically 



»N OF MILK AND PAT FOE 100 POUNDS OF DRY 
MATTER. 

aring the data given in the first part of the pre- 
le with the total yield of milk and fat during the 
ling weeks we are able to refer the production 
d fat to a unit of 100 pounds of dry matter con- 
L the following table the data thus obtained may 

100 lbs. of dry matter produced. 
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If similar calculations are mEide on basis of dry matter 
consumed and milk produced by all cows during the whole 
experiment similar results are obtained, the difference be- 
tween the mean of the first and the third periods, and the 
second periods amoimting to — 3. —1, and +1 percent., in 
case of lot A, B, and C, respectively. 

Grouping the data obtained during the six weeks of the 
experiment when the milk was analyzed, according to the 
concentrated foods fed, we have the following statement 
for each kind of food: 





OU„»L 


Oorameol. 


bnm. 


Towa dry mutter eaUui by toar c 


wsduriDBBfz weeks. 


«17.B 
BS.S 


4408.T 
MO 

a. 81 








Pat,lbs 


a.l! 



Increase on wheat bi 



over oil meat... 

over oil meU. Xperet 



in yield of fat 
In rield or milk. 
Injletdofmtlk. 
In yield of milk. 
Id .field of fat. 



9 per cent In yield of fat. 



MICROSCOPIC EXAMINATION OF MILK. 

As before stated the milk from the different lots was ex- 
amined microscopically during the first five days of the 
first and the fourth weeks of each period. It will be suffi- 
cient to give here the average data for each lot and period, 
as these will show in how far conclusions drawn are justi- 
fied. 
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Its 
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esults would indicate that both wheat bran and oil 
ve a tendency to increase the size of the fat glob- 
sow's milk, a conclusion which is corroborated by 
11 amount of work previously done in this line,* 



DISCUSSION OF RESULTS. 

ata given in the preceding pages show that under 
ditions present in this experiment there was prac- 
lo difference in the Immediate effect of the com 
d the wheat bran on the yield of the milk, and that 
as a small difference in favor of the oil meal; as 

the production of fat both oil meal and bran give 
■esults than corn meal, neither of these differences 
lowever, very marked. 

alan of the experiment precludes a study of the 
E these foods beyond the time when they were fed 
siduary effect). Experiments made during late 
oth in this country and abroad show that the in- 
of the food as to the productive capacity of animals 

extended much further than the time during which 
iltural Sciencse, VI, 520. 
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it is "being fed. In feeding experimenta at Cornell University* 
the cows receiving grain wliile on pasture gave more millc 
dnring sis months following the period of lactation than cows 
in tte same herd receiving no grain, the conditions of botii. lots 
of cows heing strictly conformable. 

In Danish feeding experiments it was noticed that different 
lots of cows originally perfectly even in milk yield, produced 
more milk dnring the later stages of the lactation period tie 
richer the rations fed during the experiment were.f 

Bammt made similar observations and showed that it is 
possible to keep up the high production of milk and fat 
until toward the end of the lactation period by feeding 
ample and highly nutritious food, especially during the 
former part of the same. 

It is possible that the feeds fed in these experiments would 
have shown some difference in their residuary effect on the 
milk yield, but it is not likely that such would be the case, 
since whenever such, an Influence has been observable the im- 
mediate effect has been marked, and even more so than the 
residuary one. The former being bat slightly marked in this 
experiment we may be justified in concluding that the latter 
would be still leas so and therefore too small to require con- 
sideration. ■ We are then brought back to look at the effects 
observed during the course of the experiment from the view 
of ordinary practical conditions. 

The average Wisconsin prices for the three concentrated 
food compared are as follows: oil meal ?24 per ton, com meal 
$15 per ton and wheat bran $13 per ton. The discussions en- 
tered upon in the preceding will show that under the condi- 
tions present the wheat bran was by far the more economical 
food, since it cost less and produced more, or nearly as much 
milk or fat as either of the otiier feeds. The comparison comes 
out most unfavorable to the oil meal and allows of but one 
couclusioui, namely, that given a good, fairly nitrogenous basal 

■''Bnlletio 49, Cornell Univoraity E.fperiment Station, 
■f 27th Rsport Copenhagen Experiment Station; Enperiment Station 
Eecord, IV, 601. 

t Landw. Jabrb. 21 (1892), 810. 



D.gitizecbyG00glc 



SNTH Annual Report of the 

I ot wheat bran or corn meal at the prices 
.ine of economy rather than feeding oil 

in this line at this Station by Dr. H. P., 
; same concliision, although the reBulta ob- 
y as dciiisive as in the present case.* In 
the three feeds given conducted at this 
no appreciable difference in the relative 
lave been found, and the teachings of these 
lerefore, in the line of previous experience. 
ice on hand goes to prove that oil meal does 
ue which would naturally be ascribed to it 
^nt of digestible protein, op from its cost in 
nnot for this reason be fed to advantage in. 
nder our conditions, its dietetic value is of 
1 furthermore furnish variety to a ration 
■e palatable. Oil meal, therefore, has a 
• system of feeding dairy cows, but under 
,n conditions it should only be fed in 
ihe bulk of the concentrated feed being 
elatively cheaper grain foods or of the 
om the same. 

Report IV, p. LTD. 

;a.. Bulletin 20. Pa. Expt Sta., Report for 1891. 

:ta III and IV. 
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EXPERIMENTS IN THE MANUFACT 



. M. BABCOCK. 



Nearly all of the investigatioiis upon 
Station have been in connection witii tl 
amount of milk available from tlie Sta 
. small to admit of extended experiments : 
of the work has been done by students 
perviaion of an instructor. Prom tte da 
ing the past four winters, a few lines of 
tically uniform results have been obtal 
this report. These will be presented 
heads, viz. : 

1. The influence ot fat upon the yiel 

2. The mfluence of fa.t upon the qua 

3. The yield of cheese from differei 
and at different seasons of the year, in 

4. The loss of weight iu the curing o 

5. Cleaning milk for cheese with a 

1. THE INFLUENCE OF FAT UPON THI 

Experiments bearing upon this quest 
in the winter term 1891 and have been 
since. The experiments have been con 
lot of mixed milk into two parts, from oi 
or all of the cream was removed by a c 
arator. Sometimes a portion of the crea 
one part was added to the other part, i 
rich, l^ese two milks have been mad 
Cheddar process, the same conditions be 
as practical in each ease. The yield of 
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nilk have be^i reduced to yields per 100 lbs. of milk 
difference has been attributed to the difference in 
cents, of fat, or what is the aame thing, to the nmn- 
•ouudis of fat which. 100 lbs. of the richer milks con- 
n excess of that in 100 lbs. of the poorer milk. A 
ju is afterwaixls made for tte slightly larger amount 
serum, that is milk from which all the fat has been 
I, in the poorer milks. 
)Howing example will sliow how "flie calculations have 











Fott m Lbs. of Milk. 


5 Of vat. 


j^."' 




*■■"*"■ 


Lb», of r«t 


Yl?ld of 
cheese. 




.»■ 


4,S5 


«. 


4 8» 


10. »4 




.; .» 


a.oo 


B7.T5 



8.00 


888 


jrlODlba.niHk., 


1 BS 


eos 



lethod of computation shows the practical effect upcm 
I of cheese of each pound of fat removed from milk 
uing or added to milk in the fonn of cream, it being 

in all such cases that the composition of tiie milk 
^maius unchanged. 

rerage result obtained in this way in seventy trials, 
I the fat, In tlie milks compared, differed by one or 
r- cent., gives 1.07 pounds of green cheese as the ap- 
'ield of one pound of fat The range was from .81 
52 lbs., but most of the trials gave figures which were 

average. 
;tual amount of green cheese which one pound of fat 

milks has contributed is greater than this by the 
of cheese made from one pound of milk serum. This 
it because one pound of seriim in the poorer milk has 

each pound of fat removed from the ridi mUk, and 
alculatiom the cheese produced from the serum has 
btracted from the yield of the ridi milk. In these 
^nts eadi pound of serum has yielded a little less than 
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.06 lbs. of green cheese which added to 1.07, the apparent 
yield from one pound of fat, gives 1.13 aa the actual amount 
of cheese produced from one pound of fat, which is aiq)roii- 
mately the same as the yield of butter from the same amount 
of fat. As only about nine-tenths of the fat in the milk is re- 
covered in the cheese it follows that nine tenths of a pound 
of fat holds mechanically in the green cheese a little more 
than two-tenths pounds of whey, which is very nearly the 
same relation that exists in butter between the butter fat 
and the other constituents. 

In general it may be stated that one pound of fat in milk 
will produce about 1.1 lb. of green cheese. The milk used 
in these experiments contained an average of 2.5 per cent, of 
fat and yielded an average of 8.63 lbs. of cheese frofn 100 lbs. 
of milk. Giving the value just mentioned to the fat in these 
milks and there remains an average of 5.88 lbs. of green 
cheese from each 100 lbs. of milk which must have been de- 
rived from the 97.5 lbs. of serum. This is at the rate of .06 
Iti. of cheese for each pound of serum , 

The one constituenit of the serum that is essential to the 
production of cheese is caseine, which when coagulated by 
rennet holds mechanieally a considerable amount of whey. 
Dr. L. L. Van Slyke* has found that factory milk contains 
on Hie average 2.46 per cent, of caseine. It is probable that 
the milks used in these tests contained a little less than this 
as they were all produced early in the season when the caseine 
ia usually less than the average. If it is a^umed that the 
milk serum in these tests contained an average of 2.4 per cent, 
caseine then (he yield of green cheese (6 lbs. from each 100 
lbs. of serum) is two and one half times the casein. 'Hiat is 
each pound of casein in milk will produce on tiie average two 
and one-half pounds of green cheese, one and one-half pounds 
of which is whey held mechanically in the curd. 

Applying these values to fat and casein leads to the fol- 
lowing rule for calculating tlie yield of green eheddar cheese 
from the composition of milk. The yield of green cheddar 
cheese from 100 lbs. of milk is equal to 1.1 times the per 



*12th Annnal Report N. T. Age. Expt. StatioD, p. 338. 
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cent, of fat added to 2.5 times the per cent. caBein in the 
milk. Ilia rule was suggested by the writer to Dr. Van 
Slyke* nearly two years ago and It has been used by liim in 
all of Ms cheese work since, with 'most satisfactory results. 

The rule is applicable to all milks even when they are 
watered, skimmed or enriched by adding cream. 

The yield of green cheese from 100 lbs, of milk may be 
rou^ily estimated mthout a complete analysis of the milk, 
by adding 5.9 to 1.1 times the per cent, of fat in the milk. 
The CTired cheese thirty days old may be found approximately 
by adding 5.7 instead of 5.9 to 1.1 times the per cent, of fat. 
This last rule does not apply t« watered milk, it also will vary 
some with the season of the year and with the per cent, of 
fat in the milk. 

2. INKLUEN'CB OV FAT ON THE QUALITY Ol^ CHEESE. 

In March, 1891, a number of cheese were made to determine 
the relation which the quality of the cheese measured by the 
price it sells for in the open market has to the fat in the milk. 
As it was impracticable to obtain a sufficient quantity of very 
rich milk for these tests the end desired was reached by divid- 
ing a quantity of mixed milk and adding cream removed from 
one portioin, to the other. In this way two vats of milk were 
obtained In which there was a difference of two or more per 
cent, in the amount of fat, both of wliieh were made into 
cheese by the same method and, so far as practicable, under 
the same conditions. The cheese were kept until October 
when they were between six and seven months old and were 
then sent to a disinterested party in Chicago who invited in 
a number of prominent cheese dealers of that city and asked 
their opinion regarding the value of the different cheese. 
None of the i)er8on8 ^'ho examined these cheese knew where 
they were from or the conditions under which they were 
made, nor did they know what the judgment of the other 
parties had been regarding tlie quality. Owing to tlie wide 
variation in the values put upon the cheese by different 
buyers, the result of the trial was very unsatisfactory and 

*12th Anaiml Eaport N. Y. Aj?r Expt. StatioQ, p. 470. 
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onJy served to shav/ that this plan of fixing values cannot 
be depended upon. This will be evident to the reader when 
it is stated that tiie prices, put by different buyers upon one 
of th*. se cheese, ranged from five to fifteen cents per pound, 
while one buyer declined to put any price upon it, saying it 
had no market value. At this time the wholesale price of 
factory cheese in Chicago was from 10 to 11 cents per pound. 
In general it may, be said that the cheese made from the 
richer milk was valued one or two cents per pound higher 
than that made from the poorer milk. In two cases there 
was enough rich milk to make two cheese wei^iing about 
60 lbs. each, only one of which was scored by the judges. The 
extra cheese were sold to a retail grocer for 15 cents per 
pound and were sold by him to customers at 20 cents per 
pound. We could have sold tons of such cheese at the same 
rate; one grocer in Chicago would have taken a lai^ quan- 
tity and a number of requests were received from individuals 
for cheese of this kind. It may be said in explanation of the 
varied judgments of the Chicago buyers, that these cheese 
belonged to a different class from tliat in which they were 
accustomed to deal. They were old cheese in which the 
casein was entirely broken down, giving them a softer texture 
and a more pronomnced flavor than ia found in factory cheese 
thirty days old which make up a large part of the wholesale 
trade. At the same time the flavor of the cheese was not 
unpleasantly strong and they had none of the sharp biting 
flavor 80 common in cheese of this age. Evidently the whole- 
sale dealers judged them from the factory standpoint, while 
the retail grocers recognized in them qualities closely allied 
to some of the high priced foreign cheese and fixed their value 
accordingly. 

In tiie following table is given the per cent, of fat in the 
milk used ia each trial, the l<ras of fat in the process of man- 
ufacture and the weight of cheese when'taken from the press, 
and when sent to Chicago. The cheese made on the same 
day, differing o^ily in the amount of fat which the mUk coa- 
taJned, are put together so that they may be readily com- 
pared. Quantities given are in every case for 100 lbs. of milk. 
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Table ghowing yield of cheese and loss of fat from 100 pound* of milk. 



Sarcb 37. 



Harch 3] . 
March 31. 



™.n.. 


Weight 


feh«». 


Per cent. 


pre«« 


Oraen. 


Cured. 


ittieay. 


Lbs. 


LbB. 


Lbs. 




.ST 


8.3TB 


7.6S 


is.s 


.m 


10.560 


».» 


tl,6 


.m 


8.8*3 


8.00 


S2.r 


.m 


10:08 


977 


M,6 


.SB5 


8.03? 


8.00 


SS,4 


iS 


li.m 


11.14 


60.4 


sat 


S.SSi 


B.OS 


30-6 


.685 


10,836 


B.S9 


43. a 



The milks used on March, 30th and Slat were overripe, 
which in a measure accounts for the losses heing larger on 
these days than on the others. One cheese expert who ei- 
amined these cheese a day or two before they were sent to 
Chicago, ■without being informed how the cheese were made, 
gave judgment regarding their value that is quite consistent 
with the prices actually obtained. These prices are given in 
the following table together with the we^hts of cured (^eeae 
and the value of a pound of fat in the milk from which the 
dieese was made. 





he value 


of fat in chfese made from, milk of different 
composition. 


No. of cheeee. 


milk." 


'■r.s' 


M..P., 


cneege. 


Price per 

lb. ur rai 

inmlllt. 


Value of 
added ru 

per lb. 




4.3.% 

4.5S 

O.a) 
3.00 
4.3S 


8.00 
9.77 
8,00 

SOB 
9.99 


Centa. 
12 S 

86 


Cenis. 

118.75 
61 00 

las.H 

64.00 
B8,51 


>2.4 


BS.4 




S5.2 




S4 6 




87.8 
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Here as in the preceding table the cheese i 
same day are considered together, the conditioni 
not being uniform from day to day, making it ( 
fair to compare one day's mate with another. ] 
ures given it is apparent that in every case the c 
cheese has improved with the increase of fat in 
that this improvement has more than compens 
value of the extra fat in the richer cheese. It 
ever, proven by this that it paid to add cream to 
richer cheese. The milk used in these expe 
tained originally about 4 per cent, of fat and 
yielded about ten pounds of cheese, 30 days ol 
100 lbs. Such cheese would have sold for 10 cen 
which would have netted for the fat in the mi 
same price per pound as did that in the richer 
does show that skimming the milk resulted in ; 
fat abstracted was worth more in cheese tlian i 
been in butter. At this time butter was wortl 
about 29 cents per lb. It is probable that wi 
given, viz., 10.5 cents for cheese and 29 cents 
would have paid better to have skimmed off all 
and made butter of it than to have made the mill 
It may be stated as a general rule that it never 
ofE part of the cream and mate both butter auc 
further tiiat whenever the price of butter exce 
one-fliird times the price of cheese it will pay ht 
butter than cheese, no account being taken of t 
in value of the skim milk and whey. If the rela 
skim milk and whey be taken into account hutti 
better than cheese whenever its price exceeds 
quarter times the price of cheese — under oth« 
cheese should pay better than butter. 

3. THE YIELD OF CHEESE IN FAGTORIRS FROIV 
QUALITIES UP MILK AND AT DIFFERENT 
THE YEAR 

All students who are candidates for dairy cer 
our school are required to send to us monthly re; 
work for one or two seasons. The reports frOL 
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7e, aloag witli other data, the average per cent, of 
& milk and the average yield of cheese. During llie 
: years there have been received 347 reports from 
ctories in which both the per cent, of fat in milk and 
of cheese are given. 

following table are given averages of these reports 
according to the per cents, of fat and also a^cord- 
i season of the year : 



'ingpieldof cheese in faetoriea according toper cent, pf fat in 



at 


report!. 


HaosTB nftat 


cent, ot fat. 


Vhasse per 


cheese lor 




30 


s.as-s.EO 

8 7S-4.O0 
4.00 -4. SB 
over 4.i» 


3. lie 
4.417 


9.407 
11. 800 
10.300 
10.707 


2.780 
8.407 



Table showing yield of cheese In factories by monthe. 



..... 


No. of 

reporta. 


t^Tlt,Sr 


Averam 


LbB. ol 




■a 

88 

49 
38 

15 


B.480 
8.497 
BOM 

4.o:b 


3I17 
9.336 
10.862 


a.Bso 

8.879 

s.m 

2.S68 














•"^ 


347 


■■•' 1 •" 


2.8S8 
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Each one of the 347 reports from which tht 
compiled covers the work of a whole month in 
tory. As the average factory season is only 
moiiitha there is represented altt^ether an equirs 
fifty seasons in a single factory. The averaf 
milk that these factories received was '6,S)2i) . 
on this basis the amount of milk used would 
lbs., which would have produced ovet- 3,800,000 
The extent of these obseri'ations taken, indepe 
large number of different persons, trained espei 
kind of work, must, on the average, give resu 
proximate the truth, under prevailing conditioii 
the careleaaneas of some oif the factory opera 
into account The per cent, of fat given in ea( 
average of the per cents, of fat in the different 
and is not; necessarily the average per cent, i 
mixed milk, although it must approximate it 
The yields of cheese from 100 lbs. of milk are i 
the weights when the cheese were sold, at wl 
age of the cheese ranged from ten to forty days 
averaged about twenty days. Although the con 
which the figures have been obtained varied ii 
stated, it is believed that they represent very ne 
age practical results in Wisconsin cheese fact* 
majority of the reports having come from this i 

If the figures can be depended upoB they indi 
yield of cheese is greater from rich milk than fr 
tliat if the season be left out of consideration t 
rich milk is not as large in proportion to the fa 
poor milk, and finally that both the fat in the 
yield of clieese increases in nearly the same pro] 
season aidvancea 

Because moat cheese factories are closed duri: 
it is customary in cheese districts to have, so fai 
cows fresh in the spring. Such being the ease, 
in the per cent, of fat in, the milk and the increas 
of cheese from month to month, shown in the i 
above tables, may be attributed to advancing laL..^^ 
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In order to compare milk containing different amounts of 
(at at ttie same season of tlie year there is arranged in tlie 
following table the yields of cheese for one pound of fat for 

each, month, the same gi'oupings being used as before. April 
and May and also October and XoTember are given together 
on account of the small number of reports during these 
months: 
Table gkoieing yield of cheege for one pound nf fiit for each month. 



PerceDt. of fat. 


April and 


JuDB. , July. 


August. 


Seplember 


n!SL', 




No 

88 -a, 73 


No. 
88-2,74 


No. 

3— s.se 

20-S.7f 

i»-s.ar 

7-8.« 


3 3.sa 
ii-a.7. 

7-8,51 
1-1 M 


8-8 85 
]8-a,Bl 
1--B.1 


Ko, 


S.as-B.EO 

3.7B-i00 

Over* 2i 


(i-!,8l 
S-3.E2 
15-9.8) 
IT 2.18 



It will be seen that the results for each period, without ex- 
ception, are entirely consistent with those obtained when the 
whole season is grouped tt^ether, the only Irregularities be- 
ing at points where few reports are available. 

The conclusion arrived at frtrai these data is that, at the 
same season of the year, rich milks do not yield as much 
cheese in proportion to the fat which they contain as do poor 
milks, but that a rich milk towards the end of the season 
may do as well as a much poorer milk earlier in' the season. 

Dr. Van Slyke* from a long series of carefully conducted 
experiments at New York cheese factories has concluded that 
the yield of cheese from 100 lbs. of normal factory milk is 
very nearly proportional to the per cent, of fat in the milk. 
All of his work has been confirmed by complete analysis of 
the milk which show that the casein was in his experiments 
practically proportional to the fat. His experiments show 
an average of 2.72 lbs. of green cheese for each pound of fat 
in the milk. The loss in curing for 20 days amounts to about 



• 12th Annnal Report N. Y. Agrl. Expt, Station, p. 473. 
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four per cent., which, deducted ftx>m his average leaves 2.61 
lbs. of cured cheese for one pound of fat against 2,628 lbs., 
the average for the season found from the students' reports, 
a difference so slight tiiat it need not be considered. The 
same close agreement follows in the averages fop each month 
of the seaaon and only fails when results are arranged ac- 
cording to the fat in the milk. It appears to the writer that 
the discrepancy is only apparent and arises from the fact 
that in Dr. Vani Slyke's experiments the poor milks used have 
nearly all been early in the season and the rich milks to- 
wards the end of the season, the gradatirai from one to the 
other haTing been gradnal so that vehen the results are ar- 
ranged according to the fat ini the milk they are virtually ar- 
ranged according to season as is done in the second table 
above wiiii the students' reports. An attempt to airange 
his results according to fat for each month shows that nearly 
all will fall within one or two groups which do not differ by 
more than one-fourth per cent,, leaving so few results in other 
groups that they have little weight and consequently they 
cannot be studied in this way. With this explanation there 
is nothing inconsistent in the work done by Dr. Van Slyke 
and the results arrived at from the students' reports. In fact 
the two tend to confirm each other. 

The conclusions reached in this article immediately bring 
into question the justice of paying foil milk, in cheese factor- 
ies, according to fat, it having been generally assumed as an 
argument in favor of this, that yields are proportional to the 
fat In discussions over this point very little weight has been 
given to the better quaUty of cheese from rich milk, and it 
could very properly be left out, if the yield were proportional 
to the fat, as this circumstance would result in all cheese, 
from normal milk, being of nearly the same composition and 
presumably of the same quality, at least so fax as the content 
of fat is concerned. Just as soon, however, as the yield of 
cheese in proportion to the fat in the cheese is diminished 
the per cent, of fat in the cheese is increased and this factor 
^ould be considered in determining the value of milk for 
cheese. In support of this point the experiments of Dr. Van 
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Slyke' show that the proportion of fat lost in cheese making 
is quite independent of the amount it fat in the milk. Usnal- 
ly the proportion lost is Slightly less from rich milk than from 
poor milks. Experiments at the Minnesota Agricultural Ex- 
periment Station^ and at the Ontario Agricultural College^ 
lead to the same conclusions, and all work done at the Wis- 
consin Dairy School has confirmed them. Usually there are 
about .4 lbs, of fat lost from 100 lbs. of milk, the condition of 
the milk and method of manufacture making it sometimes a 
little more and sometimes a little less. 

Applying this loss of fat to the milks in the first table gives, 
when the yield of cheese is considered, the following per cents, 
of fat in the cheese made from those milks. 



Table xhowingtke per cent, of fat in cheeae from milks of different t 
position. 




The average i)er: cent, of fat in these cheese is about what 
is usually found in cheddar cheese twenty days old. 

A dieese from closely skimmed milk containing about 2 per 
cent, of fat is worth at Hie present time in New York about 
2 cents per poimd, and a full cream cheese with 34 -per cent, 
of fat is worth about 10 cents per pound; the prices of partly 
skimmed cheese are intermediate between these as is seen 

I I2th Annual Report N. Y Agrl. Expt. Station, p. 437. 
' Bulletin 19, Minnesota Agri. Expt. Station. 
' Bulletin 95, Ontario Agrl. College. 
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by the following extract from the New York i&irket re 
for DecemteT Ist, 1894: 

Full crMOi cheese »^-H 

Light skims, prime M - B 

pMtBtims, common tn good Wi- T 

Part skima, f Mr CO good 4)^-5 

PftrtsSlQU. commoQ 8>S- < 

Fullskluia 3 -3 

The difference in tte market value of such cheese ai 
quoted above is almost entirely due to the amount o 
■wMoh, the clieese contatna There is a difference of abon 
per cent, of fat between a full cream and a full skir 
cheese, and the difference in price at the present time is i 
fe cents per pound, or one cent for each, four per cent, oi 
Applying this principle to cheese made from such milks a 
considered in the last table leads to the results given b 
the price of average full cream cheese being taken aa 10 
per pound. There is also given the amount realized from 
lbs. of milV of each quality, on this basis as well as oi 
relative value plan and the pooling plan. In fixing the 
for cheese no fractions less than one-fourth cent have 
considered. The relative value plan, is on the basis of 
cents per poiund for the fat in tie milk, this being obt 
by dividmg the tofeU value 158.65 by 224.9, the total f 
the milk. 
T(Ak ahenoing priae of cheese calculated from the per cent, of fat 

ckeete, with money received from } .Olifl lbs. of milk of different 

ties, on this basis compared with that received on the relative vah 

the pooling plan. 



Lbs. of 


Per cent, 
of fal. 


oheew. 


Value Bt 

lOCMU 

per lb. 


Par cntt. 

chl^." 


Cslcu. 
loted 


Total 
value. 


for 1, 00(^1 bs. 


'pC. 




















t.OOO 


8.1! 


91.9 


9.19 


29.7 


.09 


827 


8.10 




1.000 


S.W 


M,3 


B.2S 


SS.3 


.095 


8.r7 


8,81 




1,000 


8.60 


»).l 


9.41 


84.0 


.10 


9 41 


»,39 




1,009 


S.M 


0S.1 


O.SI 


as.i 


.loa 


10 'JB 


IO,Ot 




1,000 


4 OB 


103.0 


10.30 


85,8 


,105 


10.81 


10, nr 




1.000 


4.4B 


.07,1 


10,71 


37,8 


.11 


11.78 


11,01 




Total.. 


2i,« 


^.. 


^s.e. 






K).t>a 


■ 68, M 
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Tlie close agreement between the value of tte cheese calcu- 
lated from the market reports in the manner deacrihed and 
that given by the relative value plan ia strong evidence that 
the latter is approximately correct. 

The value of milk calculated from tlie actual yield of cheese 
at 10 cents per pound is given not because it ia a practical 
method of apportioning dividends, but because it has been as- 
sumed by Bome to represent the relative value of tlie several 
milks. This assumption is obviously incorrect as no cheese 
expert would class a cheese containing less than 30 per cent, 
of fat with, the rich cheese in other groups and there should, 
in justice, be some concession from the poorer to the ridier 
milks to compensate for the improved quality of tiie product. 
This the relative value plan supplies and at the same time 
encourages every milk producer to improve his cows and pve 
them better care. It puts a stop to the common practice of 
watering and skimming of milk, which had so nearly wrecked 
tte factory system under tiie pooling plan, and finally it es- 
tablishes a uniform basis for the valuation of milk that ia ap- 
plicable to both creameries and cheese factories, the import- 
ance of which has been too generally overlooked. Ttie justice 
of the method is no longer questioned in creameries in which, 
it has been almost universally adopted, and it is believed by 
the writer that the plan will be equally acceptable in cheese 
factories, so soon as its relations to all sides of the questitm 
are better understood. 

i. LOSS OF CHEESE IN CURING. 
All cheese made at our dairy school are weighed when 
taken from the press and as often thereafter as opportunity 
offers, and finally they are weighed when sold. The data thus 
obtained ^ows the loss of weight for all ages up to six 
months under auch conditions as prevail in our curing rooms. 
The cheese considered were all made by the cheddar process. 
They were mostly pressed in fiat hoops and had an average 
weight of about 30 lbs. when green- All cheese up to 60 daya 
old were kept in the curing room at the dairy building. The 
temperature of this room, as indicated by a Draper self-regis- 
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teriDg thermometer, has ranged from 55 degrees to 70 degrees 
F., and has averaged atxrat 61 degrees F. Most of the time 
the temperature has teen near the average. The moisture, 
shown by a Mittchoff hygrometer has averaged aihout 50 per 
cent, of saturation. Occasional observations witii wet and 
dry bnlb thermMneters show that, witliin the range of mois- 
ture occnrrmg in our curing rooms, the hygrometer is nearly ■ 
correct. During the summer months the cheese still on, hand 
have been removed to a room in the basement of Hie agricul- 
tnrail bollding where the temperature could be better con- 
trolled. A maximum and minimum thennometer placed in 
this room was read each week during the STimmer. 'Rie aver- 
age masimam readings waB 69 degrees F. and of the -minirmiTn 
readings 59.7 degrees F. Tlie average temperature was prob- 
ably abont 65 degrees F, Ko determinations of moisture were 
made in this room, but the greater tendency of the dieese to 
mould showed Hie air to be more nearly saturated than in' liie 
other curing room. 

In tiie following table showing the loss in weight the cheese 
are arranged in groups, those of nearly the same age being 
put testier. Thfe first three groups cover periods of ten days 
each. The fourth group includes all cheese between one 
and two months old, and the last group all over two mooiths 
old. The average age of the cheese in eadh group is found 
hy multiplying the nimiber of cheese of the same age by the 
age, expressed in days, and dividing the sum of th^ products 
by lie total number of cheese in the group. 

Table ghowing average lo»« of cheese in curing. 



No. of 
gnrap. 


Period 


ATerage 


Bo.ot 


green. 


weight 
cured. 


Lose. 


Lon. 




Days. 

1-10 

' 11-90 

81-30 

OvmM 


IS 

as 

1*1 


Oft 
888 
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a,8ia 

T,SSfl.9 
e,M0.6 
18,363.3 


8,1«0,4 
11,<S4.4 
S.7M.0 


LbB. 

ro.B 
arft.B 

3T0.1 

ecs.o 

eOBA 


Fereeot. 














■ 


8.11 
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The table shiowa tiiat the loss in a given time la very much, 
greater in tlie early stages than, it is later, It being fully half 
as much during the first week as for the whole mauth and more 
than one-quarter as much as for five mouths. 

5. CLEANING MILK, WITH A CENTRIPUQAL CREAM SEPA- 
KATOE, FOR CHEESE PRODUClION. 

Whenever a considerable quantity of milk is run througti 
a centrifugal cream separator, there accumulates upon the in- 
side of the bow!, a deposit of solid matt]er known as separator 
slime. It consistis of coa^latedl albuminous matter witli 
which is mingled all solid impurities heavier than milk. When 
removed from th.e separator bowl the slime rapidly undergoes 
putrifaction and gives off an offensive odor. No normal milk 
however carefully it may be handled is entirely free from it 
although the amount may be very small, except when milk is 
nearly sour, so that the casein has begun to precipitate. It 
seems plausible, however, on account of its offensive character 
and tendency to decay tliat the flavor and keeping qualities 
of any milk would be improved by its removal. It has even 
been proposed, for sanitary reasons, to treat all milk for do- 
mestic purposes in this manner. The late Professor Arnold 
was a strong advocate of this, although the writer is unable 
to refer to such a statement in his published works. 

In the manufacture of cheese all solid matters contained 
in the milk are entangled in the curd and finally carried into 
the cheese, and it is reasonable that removal of slime from 
milk used for this purpose would be especially beneficial. 

Experiments to test this question were begun in 1891 and 
have been continued each year since, during our dairy schooL 
In all nearly 100 cheese have been made from milk cleaned in 
this way and without exception the flavor and keeping qual- 
ity of the cheese has been improved. 

It was early noticed, whenever there was a tendency to 
gassy or pin holey curds in the original milk, that tiiis was 
either greatly improved or entirely removed by cleaning the 
milk. A large number of experiments made by students dur- 
ing the past two winters, when the milk used gave gassy 
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curds, conflrmed our first impressions. In- all of our work up 
to &e close of ttie Dairy sdiool in lS9i there waa not a single 
exception to tMB rale, and we were firmly convinced that clean- 
ing milk with a separator would remedy all difQcultieB of this 
nature and greatly improTe the quality of cheese from tainted 
milks of any kind. 

Thorough aeration of milk in the vat with a Hill's aerator, 
especially when the milk was first heated to about 100 degrees 
F. was also beneficial in suppressing pinholes in the curd, al- 
though this method was not as efBcient as ihe iise of a sep- 
arator. This suggested the thought that the effect upon the 
pinholes in l£e first place was chiefly due to the thorough aera- 
tion which the milk received in the separator and not to the 
FCTaoval of the slime. In order to test this point two vats of 
milk were cleaned with a separator and afterward the slime 
obtained from all of the milk vras added to Hie milk in one of 
the vats. The milk in both of these vats was made into cheese 
in the same manner. The curds from hoGi vats were practic- 
ally free from pinholes, although other vats from the same 
milk that was not treated contained large numbers. TMa 
experiment vras repeated on another day witii practically the 
same results, and it seems likely that the supression of pin- 
holes by passing milk through a separator was due to the aera- 
tion and not to removal of gas producing organisms in the 
slime. Further experiments accompanied by a biological 
study of the mUk and slime are necessary to settle the point. 

All of Uie experiments described above were conducted in 
the winter, and it was thought advisable before recommending 
the method as a sure remedy for pinholes to apply it to sum- 
mer milk wiien such difficulties are usually much more trouble- 
some. The establiftfunent of a summer dairy at the Station 
gave facilities for this work. To our surprise cheese made by 
this process in July and August, when gasSy curds were very 
common were not improved In this respect. So far as we could 
judge just as many pinholes were found in curds from the 
cleaned milk as from that not treated. The only explanation 
we can offer for these results at present is that possibly the 
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gas producing organisms most abundant in tlie milk used In 
tiLe winter were of a difterent species from those in ttie milk 
used in the last ejqwrimenta, and that the one species is ren- 
dered inert hy exposure to air wliile the other is either not 
affected at all or is made more active by the treatment. 

Biological examinations of this milk made by Br. Bussell 
show a Tariety of gas producing organisms in the summer 
milk, but as yet no comparison of the species found In the 
summer and winter have been made. 

Although cleaning milk with a separator has not accom- 
plished all that we had hoped in the treatment of milk for 
cheese, we feel that it has been of great benefit, as it has, in 
nearly every case, improved the quality of the cheese, and the 
improvement has been more marked with tainted milk than 
with those in good condition. Especially has it been of benefit 
for long keeping cheese as such have retained Uieir flavor 
lavLch. better when made from separator cleaned milk. 

For cleaning milk, as snggested, any s^fflrator which gives 
a smooth cream may be need, those machines where the 
cream flows over the edge of the bowl being best adapted tor 
the purpc«e. We have generally used ai standard De Laval 
separator in which the skim piilb tube has been closed so that 
the skim milk and cream were forced over the top of the bowl 
together. It is better if the cream slot is also closed by care- 
fully fitting a piece (rf leather into it In tins way a very 
homogeneous mixture of the skim milk and cream may be ob- 
tained. The milk to be cleaned should be warmed to between 
100 "110 degrees F. as this, in a great measure, prevents churn- 
ing and fro thing of the cream. IThe milk as it runs from a 
aeparatoi! diould not flow directly into the milk, in a can, as 
this always results in more or less frothing. The best results 
are obtained by placing ai fine hair strainer over the can 
through which the milk is run. If such a strainer is not 
available a clean board five or six inches wide placed in the 
can in a slanting positiMi with its upper end just beneath the 
spout of the separator so that the milk will run down this and 
not fall in a heavy etreajm into the milk will accomplish the 



L;.y,l,zetoyGoO^^IC 



pr^-'- 



AOBICTJLTUBAL EXPERIMENT StATIO 

same purpose. Very satisfactory reaults may ale 
without cloBing the skim milk tubes by runniug ■ 
and cream together through a flue hair strainer. 

The quantity of milk which may be cleaned v 
tor is very much larger than, the rated capacity o 
for skimming; probably with proper applianoea tl 
a separator may be doubled. After all of the r 
run into the separator it should be followed ^ 
water to replace most of the milk in the bowl, ii 
vent undue loss. The milk after it leaves the m 
be cooled as quickly as possible to near the p 
the rennet can be added. It is then handled in i 
same manner as other milks. As a rule we ha' 
snct mUks work a little more rapidly than uni 
This may be due to more rapid development of 
ment at the high temperature to which the milk 

Hie yield of cheese by this process is a trifle 
from untreated milk it being on tie average abc 
ponnd less from 100 lbs. of milk. The loss of f 
alao a little higher. The difference is however e 
anced by the better qnalitj of the product. 
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;es of bacterial infection and the 
ition of the same to the keep- 
ing quality of milk. 



H, L. RQS9ELL. 

ien proven many times by expei'iments that 
healthy animals when secreted in the milk 
le udder is absolutely germ free. If milk 
ecured and kept in this sterile condition it 
in unchanged for a long period of time, but 

milking and also subsequent to its ■with- 

subjected to so many contaminating influences, 
becomes fouled with living organisms which 
rapidly as to completely change the chemical 
. characters of the fluid in a very short time. 
ary conditions, the extent to which milk is 
these different forms of bacteria varies much 
adent upon the action of several factors. As 

quality of this fluid bears a definite relation 
jontent, any measures that tend to restrict the 
rerm life that gains access will also help to 

keeping properties of the milk and so pre- 
lutritive value. In this way not only will 

in a sweet condition for a longer period of 
e adoption of the suggestions detailed belo_w 
'ge measure exclude the possibility of the 
(desirable fermentations that cause so much 
any dairies. Medical bacteriology has taught 
nt lesson that it is far easier to prevent an 
an it is to arrest its progress and heal the 
he same lesson must be learned by us in 
iology. The serious inroads that these micro 
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organisms make in the dairy industries can be largely pre- 
vented if we take pains to exclude them from the first. 

The suggestions as outlined below do not include any 
new methods but are merely the outcome oi what practi- 
cal experience has found to bo helpful in this matter. 
These methods, however, have been controlled by studies 
from a biological standpoint so that their real worth in 
excluding living organisms has been determined. A ra- 
tional explanation of the effectiveness of these simple pre- 
cautions would seem to be desirable. 

When we consider the sources of the bacterial infection 
of milk and the relative importance of the different factors 
in accounting for the same, it will be evident that no gen- 
eral rule can be laid down that will be applicable in all 
cases, for the influence of the several factors will vary 
much in different instances. 

INFECTION FROM UNCLEAN VESSELS. 

Ooe of the most important factors of the contamination 
of milk arises from the use of unclean vessels. Under this 
head, the actual presence of dirt and filth in dairy utensils 
is not necessarily intended, but the presence of germ life 
owing to the inefficient methods of cleaning that are often 
in vogue. Under ordinary circumstances the walls of 
vessels that have been in use are covered with numerous 
organisms and in the cracks and joints, myriads of germs 
are to be found. Cleansing with warm water will remove 
the bulk of the dirt and with this, the majority of the ad- 
herent bacteria, yet innumerable individuals escape all 
but a most thorough cleaning with scalding water or 
steam. Even the application of such stringent measures 
as these fail if they are applied for only a few moments. 
Bacterial life to be effectually destroyed must be subjected 
to the disinfecting action of boiling water or steam for 
several minutes. The forms that are in a growing con- 
dition are quickly killed at such a high heat but those 
in a spore stage are able to resist this temperature for a 
considerable length of time. 
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The following experiment shows what effect sterile 
milking vessels exert upon the amount of germ life in the 
milk. 

Two covered milk pails were taken, one of which had 
been cleaned in the ordinary way, and the other sterilized 
by steam for half an hour. In order to exclude as far as 
B influence of other factors, the udder of the 
10 roughly washed, the hands of the milker 
the fore milk rejected. The milk was then 
to the two pails and immediately cooled to 
s to stop the development of germ life. Gel- 
i were prepared from these milks to determine 
of organisms present and there was found in 
.n the sterile pail 165 germs per cc, while that 
leen received in a vessel cleaned in the ordinary 
ed 4265 bacteria for an equal volume. The 
llowed to stand in the respective cans at the 
of the room (68''-75''P.) until it soured. That 
unsterilized pail turned in twenty-three hours 
eceived in the sterile pail remained sweet five 
r hours longer. 

repetitions of the same method of procedure 
i still greater differences; in some cases there 
irenee of 15 hours in the length of time before 
jan to turn. These experiments were confined 
he milking vessels but the same influences are 
onnection with all other kinds of dairy uten- 
n which the milk is set for creaming, all dip- 
rainers should be rendered as germfree as pos- 
t the number of organisms added to the milk 
ced to a minimum. Under average conditions, 
onfidently asserted, that with this simple pre- 
e, the marketable period, i. e., the length of 
which milk remains sweet may be extended 
ten hours. 
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INFECTION FROM FORE MILK. 

Another important source from which the milk derives 
its germ life is by the mixing of the first milkings or fore 
milk with the whole mass. While the milk as secreted in 
the milk glands is sterile that which is first milked out 
is always contaminated with bacteria. This is due to the 
infection from without and happens m this way. Even 
when the milking is most carefully done, a few drops re- 
main in the teat that are not entirely squeezed out. As 
myriads of bacteria are spread over the surface of the 
udder and as there is a direct communication by means of 
* the open end of the teat with the particles of milk that re- 
main in the duct, it always happens that these few droplets 
become infected from the outside. Here , under these 
conditions, is to be found the very best environment for 
rapid growth. Moisture is abundant, the milk offers a 
rich nutritious medium while the temperature is consider- 
ably higher than the outside. The access of a very few 
germs from the outer surface will suffice to people this 
duct with innumerable bacteria, so that when the ani- 
mal is milked at the next milking, these organisms are 
washed out into the whole mass, thus contaminating the 
entire product. 

Usually this fore milk does not contain a large number 
ot varieties although the number of individuals may be 
great. In examining a sample of milk biologically, the 
distribution of species is very unequal. The majority of 
individual organisms will be included under one or 
two forms while there will be a much larger group of 
species represented, that will contain only a limited 
number of individuals. 

To ascertain the proportion existing tietween the 
number of organisms in this fore milk and those in the 
whole milking, the experiment detailed below is given. 

Without any other precaution except a careful washing 
of the teats, the fore milk from each milk duct of a single 
cow was milked into a sterile flask; the remainder of the 
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milk was secured in the ordinary way. An analysis of 
these two milks by culture methods showed that the fore 
milk contained 2800 organisms per cc. while the average 
of the remainder of the milk only had 330 germs for the 
same volame. 

The character of the bacteria in each sample presented 
marked differences; those in the fore milk belonged to a 
single species of the lEictic acid group of organisms while 
those in the mixed milk were included under several dif- 
ferent forms, the majority of which belonged to the rennet- 
forming species that produce such profound changes in the 
character of the milk. 

IMFECTION DERIVED PROM ANIMAL AND MILKER. 

A third source of infection is the animal and person of the 
milker. The hairy coat of the cow is invariably Slled with 
dust particles to which innumerable bacteria are attached, 
and the continual shaking movements of the udder during 
the milking process dislodge bits of filth, dust and hair 
which fall into the pall during the milking. Where ani- 
mals are stabled for a large portion of the day and are 
not carefully cleaned, their under parts become very much 
fouled with particles of excreta. Particularly is this so 
with reference to modern conditions as the increased feed- 
ing of recent years produces a more fluid manure that is 
richer in nitrogenous elements and therefore more liable 
to undergo decompositions of a bacterial nature. Then, 
too, the animEbl often acquires a rich coating of organisms, 
especially on its under parts, if it has access to pastures 
where slime-covered mud holes are to be found. 

The amount of actual impurities of a solid nature that 
gain access to the milk in this way are by no means incon- 
siderable, as is evidenced by the deposition of these in a 
few hours upon the bottom of a vessel full of milk. It 
makes but little difference if these are removed by strain- 
ing, for the germs that are introduced with them are 
washed off in the warm nutrient fluid and will pass any 
kind of a strainer. 
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Very much can be done to eliminate the influence of this 
factor by keeping the udder and flanks well carded and 
brushed, as most of the loose hairs and dirt are removed 
in this way; but tbis does not strike at the root of the 
trouble. As long as the surface is dry, dust particles are 
easily dislodged, and these tiny bits of matter fall in a 
continual shower into the milking pail. If these under 
surfaces are well moistened, the opportuuity for the dis- 
placement of germ life will be very much diminished. 
Bacteria cannot be dislodged from a moist surface except 
by very violent movements. The air over large oceanic 
bodies of water is absolutely germ free, although the 
waters below are often teeming with scores of these tiny 
organisms in every drop. The explanation of the benefi- 
cial effect of the custom of washing the udder is then, that 
the bacteria are kept in place, for if the surface of the 
animal is thoroughly moistened, the germs are in large 
measure prevented from falling into the milk. 

It is highly important that this source of infection be 
diminished to the greatest possible extent, for the bacteria 
that gain access in this way belong, in most part, to those 
forms that produce undesirable changes in milk. Then, 
too, the bacteria associated with filth and dirt of this kind 
are usually species possessing spores and therefore capable 
of great resisting powers. On this account they are diffi- 
cult to eradicate, even whete heat is used. 

If this precautionary measure is carried out with refer- 
ence to the animal, it is also necessary to use care and 
caution concerning the person of the milker. The hands 
of the milker should be cleaned with soap and warm water 
immediately preceding the milking. It is also well to have 
the milker, especially the upper portion of his body, 
clothed in an outer garment kept for this purpose. Nu- 
merous experiments have been made during the past year 
to determine the effect of this factor. The method of es- 
perimenting was as follows: While the milking was in 
progress a glass dish several inches in diameter that had a 
thin layer of sterile nutrient gelatin on the bottom was ex- 
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posed uaderneath the cow at the height of the milking pail 
aad in close proximity to the same. After the plate had been 
exposed for a defioite number of seconds, the cover was 
quickly replaced so as to prevent further contamination. 
In this way the germs that are derived either from the air 
or from the surface of the animal settle on the moist layer 
of the sterile gelatin and begin to develop, la the course 
of 36 to 48 hours, tiny spots of varying size appear. 
These are the so-called "colonies" that are formed from 
the growth of a single organism that is deposited on the 
exposed gelatin surface. By counting these and determin- 
ing the relation between the exposed area of the culture 
plate and the milk pail, an approximate idea may be ob- 
tained of the number of germs that fall into the milk from 
the surface of the animal. If this method is tried during 
the first part of the milking and then repeated after the 
udder and under parts of the animal are cleaned and 
thoroughly moistened with water, the two exposures serve 
as checks upon each other; the first one giving an approx- 
imate idea of the amount of infection derived under ordi- 
nary circumstances, the second showing the effect of these 
simple precautions upon the germ life that gains access to 
the milk. 

This method cannot be rigidly accurate, for the rate of 
deposition of dust and dirt is by no means constant, but it 
is fair to assume that the method indicates in a general 
way the effect that this precaution has upon these condi- 
tions. 

The following data show the value of this treatment. 
The figures given below are all reduced to the same scale, 
viz., the number of organisms, as revealed by the plate 
cultures, that were deposited per minute in a milk pail hav- 
ing a diameter of ten inches. If these figures are raulti 
plied by the number of minutes consumed by the milking, 
a rough estimate may be made of the number of individual 
organisms that are added directly to the milk in this way 
at a time when it has a high temperature greatly favoring 
rapid reproduction. 
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Table 1. 
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Figures 1 A and 1 B illustrate the experim 
March 3rd, where the reduction was 88 per c 
number. Each of the tiny points indicates 8 
has developed from an invisible germ tha' 
sterile surface. The difference in size of tl 
one of the characters that enables the observe 
one species from another. 

Fig. 1 A, which shows over one hundred ai 
nies on a circular area 3^ inches in diameti 
the actual amount of germ life that was c 
sterilized moist surface in a period of thirty s 
the ordinary conditions in which the millt wj 
connection to this, there was present on a > 
Fig. 1 B, of an equal area, that was exposed 
length of time at the same spot only twe: 
where the udder was cleaned and washed bef 
ing occurred. 
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Where the exposure is made in the above w 
difficult matter to determine the amount of inf 
comes from germs floating in the air from tha 
derived from the animal itself. The bam air is i 
richer in germ life than that outside, so that in 
figures it is not unreasonable to suppose thai 
those germs deposited upon the plate after th 
the animal had been treated in this way really 
the germ laden air. That this is true is seen fr 
periment made August 23rd, where the cow -^ 
out of doors. During the exposure of the st 
under the animal after it had been washed, am 
was simultaneously exposed to the air some dis 
from the cow. While 114 germs were depositee 
cow, 65 were found on the plate exposed simply 
The extent of diminution is therefore really gi 
would appear from the foregoing table. 

INFECTION PKOM THE BARN AIR. 

The effect of this factor can not well be sepa 
that arising from the animal, yet certain methc 
ing and the occurrence of these with reference t 
ing have a decided influence upon the bacterial 
the air of the stable and subsequently upon the 
found in the milk. 

Where hay, straw or coarse dry fodder is use 
air is much infected with dust particles to whi 
teria are attached in large numbers. A gelatin p 
ure made in the stalls during the feeding showe 
160,000 organisms were deposited per minute 
covered by an ordinary milk pail. 

Figure 2 shows how thickly the bacteria co' 
posed surface under these conditions. The foll( 
tration represents the actual deposition of orga 
occurred on a plate 3i- inches in diameter for thi 
during the time in which dry feed, like hay, wa 
to the cattle. The smaller more sharply define 
colonies of bacteria, the larger diffused areas be.^^ ^„„.«o 
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that likewise are present in large numbers in dust ladeu 
air. 

If the feeding with these dry fodders is done at the same 
time that the milking is carried on — a common occurrence 
in many dairies — the danger from contamination is con- 
siderable. An exposure of sterile gelatin plates during 
this feeding will show a high increase in the number of 
bacteria in the air. These settle with the dust, and in do- 
ing so inevitably gain access to the open milk vessels. In 
this way, the hay bacillus and allied forms that are of a 
resistant character find their way easily into the milk. 



This source of danger can be eliminated by feeding moist* 
ened feed during the milking, or the dry feed immedialely 
subsequent to this operation, but after the milk has been 
removed from the stable. A biological analysis of mixed 
milk that is taken in the ordinary way will invariably 
show the presence of numerous individuals like those that 
are to be found in the air and on the surface of the coarse 
dry fodder. 

THE UNITED EFFECT OP ABOVE PRECAUTIONS. 

If the milking is carried out in the light of the above 
suggestions, a very radical difference in its germ content 
will be observed. These precautions require for their ful- 
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fillment only a little extra labor, but this labor is more 
than compensated for in the purer condition of the milk. 
By these precautionary measures the germ content of the 
fluid may be greatly reduced. In fact, the keeping quality 
of the milk may be increased to such an extent that it will 
remain sweet from 24 to 48 hours longer tnan it otherwise 
would. 

The influence of unclean vessels can be entirely elimi- 
nated by steaming or thoroughly scalding the different 
utensils; the bacteria present in the fore milk can be 
greatly reduced by rejecting the first few streams from 
each teat ; the germ life associated with manure and filth 
particles that fall into the milk from the dirty udder and 
under parts of the cow can be much lessened by cleaning 
these parts and thoroughly moistening them with water 
so that dusty particles will not be dislodged from the hairy 
surface; and the influence of the infected barn air can be 
much lessened by the removal of the milk as soon as milked 
a.nd taking care that operations like dry feeding or bedding 
are done after the milk is removed from the stable. 

The following example shows to what extent the bacteria 
of the milk can be controlled by rational methods of milk- 
ing: In October the mixed milk taken in the ordinary way 
was found to contain 15,500 germs per cc, while the 
average of the total yield of a cow that had been carefully 
cleaned and the milking done in the manner already sug- 
gested contained only 330 bacteria for the same volume. 
In February, under winter conditions, a repetition of the 
same experiment revealed a still smaller number, there 
being 7,680 germs per cc. in the mixed milk, while that 
received in open sterile pails, but with greater care, had 
only 120 bacteria for the same volume. Figs. 3 A and 3 B 
illustrate the extent to which the bacterial contents of the 
milk taken during the above experiment were reduced. In 
each of the gelatin cultures an equal amount of milk (one- 
thirtieth cub. cent.) was added so that the relation between 
the number of colonies shows the proportional reduction, 
11 
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Such a diminution as this, amounting as it does in this 
case to over 984^ per cent, of the total number of bacteria 
that were present in ordinary mixed milk must have a 
marked effect upon the keeping properties of the same. In 
the case under consideration, at room temperature, there 
was a difference of 24 hours in time before both soured, in 
favor of the milk secured with this extra care. 



RELATION OF TEMPERATURE TO BACTERIAL GROWTH. 

These suggestions suffice to point out the sources from 
which the milk derives its quota of bacterial organisms, but 
the effect of such a treatment as indicated above will be 
practically nullified unless one other condition is taken 
into consideration — that of the temperature at which the 
milk is kept. The rate of bacterial growth is so depend- 
ent upon this factor that this relation must always be con- 
sidered in studying the effect of these living organisms on 
the changes that occur in milk. If the temperature of the 
milk is maintained at a high degree, or if the milk taken 
under these precautions is allowed to cool spontaneously, 
the radiation of heat will be so slow that although the 
milk may be seeded with only a small fraction of the ordi- 
nary germ content, yet the rate of reproduction will be so 
augmented that the total amount of germ life will not be 
materially diminished, and consequently the keeping prop- 
erty of the milk will not be increased. It is for this rea- 
son very essential that the milk should be cooled immedi- 
ately after it is drawn from the cow. Immediate lowering 
of the temperature of the milk not only retards the growth 
of those bacteria that gain access to this fluid in a grow- 
ing vegetating condition, but it diminishes the rapidity of 
germination of those organisms that may have found their 
, way into the milk in a latent, spore state. Particularly is 
this true with the forms that are derived from the air and 
dried bits of dirt and dust, for these organisms, being in a 
quiescent condition, are unable to begin active multiplica- 
tion at once. 
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ill other vegetable orgaDtsms, require a 
ire before germination will occur. This 
is higher than that at which growth is 
if the germiuatioa of the latent spores 
eyance until the temperature is reduced 
growth CEinnot occur, 
emperature limit below which the differ- 
;teria germinate do not always coincide, 
is not far from 50"-60° P. If the tem- 
enough to allow the germination of the 
id multiplication will take place readily, 
n once occurs, the young cells will re- 
: a much lower temperature. 

COKCLUSION. 

of the above conditions will do much to 
germ development and so increase the 
ich milk retains its normal characteris- 
will this be true where any endeavor is 
b the suggestions outlined in the preced- 
nish the amount of germ life that is added 
the very beginning. Just so far as we 
»rial organisms from the milk, just so far 
L increasing its keeping qualities and in 
those undesirable taints and offensive 
it are not only a source of annoyance but 
ndrance to the manufacture of high grade 

ilthoQgh largely a biological one, rests 
two simple physical conditions, namely, 

NLINESS AND TEMPEEATURE. 

thorough cleanliness in every detail be 
securing and handling the milk after it is 
ow, but the animal herself must be cared 
, and her surroundings must be of such % 
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nature, as to diminish to the great<: 
o2 contamination to the milk during 
Co-ordinate in importance with 
storage of the milk at the lowest 
itB keeping qualities are to be inert 
the germ contents of the fluid. 
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ON THE EFFICIENCY OF TUBERCULIN AS A DIAG- 
NOSTIC AGENT IN TUBERCULOSIS. 



H. L. RUSSELL. 

Since the introduction of Koch's tuberculin in 1891 as an 
agent in diagnosing bovine tuberculosis, its use has 
been much increased. It has been extensively tried in 
Europe and within the last two years has been intro- 
duced into this country. Under the auspices of the 
various experimental stations and state veterinary depart- 
ments, a large number of experiments have been made with 
it. Its value is now fully recognized, and expert veter- 
inarians find its use indispensable in the more accurate 
diagnosis of this disease that presents so many occult 
phases in its appearance in cattle. 

Although the consensus of opinion based upon actual 
experiments is overwhelmingly in favor of its use as a 
diagnostic agent, yet our knowledge concerning it is far 
from being complete and it is essential that carefully col- 
lected records concerning its use should yet be made- 
While tuberculin has been shown in a great number of 
instances to be absolutely infallible in its diagnostic prop- 
erty, yet it is an agent that can be very easily misused 
and herein lies the chief objection to'it. 

Its ability to detect incipient, as well as aggravated cases 
of the malady depends entirely upon the temperature 
readings. In this the personal equation of the experi- 
menter must be large, and in doubtful cases very much 
depends upon his judgment. Unless the data upon 
which his judgment is to be based is very full and ex- 
plicit, he may very easily fail to make a correct diagnosis, 
and in doing so, is unable to extirpate the disease from 
the herd. 
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f It is therefore absolutely essential'that'the'tei 
records should be very full, both the normals beJ 
tion, and the inoculation'temperatures subseque 
introduction of the tuberculin. For this reason, th 
temperature readings of quite a number of thosi 
that have been tested with tuberculin are given b 
all but four cases, the inoculations were made 
Dr. W. G. Clark, Instructor in Veterinary Scieni 
Short Course, or the writer. 

Bulletin No, 40 gave the results of the ex 
with tuberculin upon the Station herd but the tei 
records are again recorded in this place in c 
with those that have been made at a later date. 



RESULTS WITH STATION HERD AT UNIVERSITY 

First inocnilations. — It was originally intended 
a comparative test of the tuberculin manufactui 
Libbertz of Berlin, Germany, and that which is 
the Biochemic Laboratory of the Bureau of Ai 
dustry, Washington, D. C, but this experiment 
trated by our inability to secure at the proper tin 
of the imported liquid to use the regulation doi 
recommended. The inoculations, however, were i 
very dilute doses in order that the effect of th' 
minimal amounts upon the constitution of tl: 
might be studied. 



D.gitizecbyG00glc 



LEVENTH AnNTJ. 



a I s. i i i E. ! I 



: : « M" 

J2s s 



i g g s s if ^ ^ g 
i g 8 8 M 8 8 i 



a a a n a 
S j i g ii 



S S 3 S ri 

!J >j >f ^^ 



? S S = 






ssssssss sssassssss 
g S g = I = = I g I S S g g i i I S 



gg : 



iilSggig lisiiigiii 



i 5 s i 5 i s i 5 i g M i g g s g 



uUiiiii 



g ! i i ! i I 3 i g 



iiiii! iiiilgisii 



iiiiiiii iliHiiiU 



inUl::.iiiiWiiU 



ifili 



ill I 



I M ; Mil 

iiiili!! 



[ s 5 = is E a 



jyGoo^^lc 



A 

N 


SEICULTUKAL KXPBHIMBKT STj 

1 1 S 1 ^ g 3 § g § i 


111 


i i i g g' i i i i i i 

, i i i i i i s i 1 § 


■Si 

i ' 


1 i i i 1 1 1 1 i 1 1 

» a a" a" a' a' a" »' a" a" s' 


5|js' 




a 


M MM ; M M 


» 


s i i i i i i i i 1 i 


a 


iiiiiiiiiis 


i ^ 


s i i : : \ ; i i : i 




M M ; ; M M ; 


a 




i 


iiiiiiJiiil 


1 


s::^^sii^iii 


1 


J ! i : .; i ; ■ ; ; ; 

^ ! li 1 i 1 1 1 1 1' 



„wGooglc 



EiAVBNTH AmiuAL Rbpobt of thb 






ii 



M ; i i 



lyji 



jj_ 



i i 



lii 



liiiiiiiii 



iiiiiiiii Mi^iiiisi 

siiiiiisi iiiiiisijg 



iiliii. 



iijji 



i I i i 

isiiijiii iiUilUii 

ihiiiiU iiiiiiiiii 

5 S ; ; : : M i i M M ! i I i : 






iSi 



i i -i 



iiiiii UiiUiiii 



iiiiiiiiii 



lilliliii iUliUiU 



iir 






liill'iiiiili!!i 



ISii 



- - --2S~~i^ 



ii.»i.z«o,Googlc 



Agbiodltvbal 1 





m 


555S55:555t 




iiifi 


«i<«° •!«•)•)«««» 




'1 






4 






'1 


M M M ;ii M 




4 






"1 


iiiiiiiiiii 


•g 
1 

1 

1 

CO 


=1 


s i i i 1 1 i i i 1 i 


=1 




=1 


siiiiiiiiii 


' 


=1 






-1 


; \ ; i i i i : ! i ; 




'I 






a 


i \ iiiii 1 ii 1 




•i 


M ; i i i i M i ■ 




llf^ 


iiissisiii! 


i 


3 


liiiiiiilif 



iiGoot^lc 



172 EuJVENTH Annual Report of the 

Tables 1 A and 1 B represent the temperature readings 
of the entire Station herd (1 A before the inoculation, 1 
B subsequent to injection) as they were taken at the time 
of the first inoculation of each animal. The records of 
those animals on pages 168 and 170 belong to the series in 
vhich the two brands of tuberculin were used, Lot I being 
inoculated with the Bureau product, while L<ot II received 
the imported material. Temperature records of animals on 
pages 169 and 171 are those of the young stock and calves 
(Lot III) that received only a single injection. 

The foregoing summary includes the entire list of ani- 
mals of the herd, all of which were inoculated with tuber- 
culin at one date or another. Of the thirty animals so 
treated, twenty-two in all responded to the tuberculin test. 
Nine were inoculated with Bureau tuberculin (Lot I), of 
which six showed reaction temperatures. Of the twenty- 
one inoculated with imported tuberculin, ten were mature 
(Lot II) and eleven were young stock (Lot HE). Of the 
ten, seven were diagnosed as diseased; and of the young 
animals, nine out of the eleven showed a diseased condi- 
tion by the test. 

Second Inoculations.— A second test was made later with 
the full grown animals, using in all eases a different kind 
of tuberculin from that which was employed at first. After 
the lapse of at least a month (seven weeks with most of 
the herd), this second series of tests were made, the re- 
sults of which are incorporated in Table 2. 

During this necessary lapse of time, the animals were 
unfortunately housed in the same barn and subjected to 
the same conditions under which they had been living, so 
that there was a possibility of an infection subsequent to 
the first inoculation. 

Table 2 includes the data gathered at the second inocu- 
lation, showing both preliminary normal temperatures and 
the temperatures after injection. 
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in this second test of the nine animals that were inocu- 
ited with imported tuberculin (Lot I) only two showed a 
taction fever, while of the nine treated with Bureau 
iberculin (Lot II), seven were diagnosed as diseased- 
It was our original intention in making this cross series 
' injections, viz., inoculating Lot I with the imported 
iberculin the first time and then repeating it with 
)mestic product the second time and vice versa, to com- 
ire the two brands in their i-elative efBciency. Although 
e plan of the experiment was carried out the data cannot 
' used in this connection because the dose of the im- 
>rted tuberculin administered was much below that 
hich is ordinarily used. 

The observatioBS are, however, interesting because they 
low the effect that these extremely small doses (1-10 of 
e average minimal dose recommended) have upon the 
timals. 

A comparison of the two tests will show some apparent 
screpancies that need to be mentioned in this connec- 

In two instances {Rue and Bunn), reaction temperatures 
ire noted upon the second injection after they were de- 
ired healthy by the first. As the lapse of time between 
e two inoculations in these cases was seven weeks, it is 
issible that they might have contracted the disease dur- 
g this interim, especially as they were kept under the 
me conditions as before with a herd, two-thirds of which 
jre known to be tuberculous. 

The autopsies of these two animals, made soon after the 
eond injection, showed that the disease in Rue was well 
stributed, although not in an advanced stage, while that 
Bunn pointed to a recent infection. 

In several instances it will be noted that animals fail to 
act when inoculated the second time with the imported 
berculin that had reacted upon the first injection with 
e Bureau product. This evident discrepancy between 
e efficiency of the two brands, in picking out the dis- 
ced animals, can undoubtedly be explained. The failure 
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to produce a reacting temperature in those animals that 
had previously been diagnosed as tuberculous with the 
Bureau tuberculin is due to the minimum doses used. The 
Bureau fluid as injected is more concentrated than the im- 
ported product as used in the diluted condition by us, so 
that the amount of actual tuberculin introduced at the see- 
on^ injection was less than that which was used at the 
first. While an introduction of this same quantity sufficed 
to produce a reacting temperature in the first inoculation 
of an animal, yet this same amount introduced into an ani- 
mal that had been previously inoculated with a stronger 
dose sometimes failed to produce the usual febrile 
symptoms. 

Reference to Table 4 will show this point clearly. In 
those animals that were actually tuberculous, as demon- 
strated by post mortems, and which were first inoculated 
with the more concentrated Bureau tuberculin and then 
later with the dilute imported product, every case but two 
(Polly and Melvina), failed to show any reaction, white the 
dilute doses if administered first were confirmed by the 
second stronger injection in all but two cases (Bunn and 
Kue). 

In these last cases there is the possibility mentioned 
above that they contracted the disease subsequent to the 
original injection. These facts taken in connection with 
the correct diagnosis of the eleven head of young stock 
(Lot III), where the very dilute doses were used, shows qult« 
clearly that the failure to react in the above cases was due 
to the fact that the systema of the animals had been 
saturated, so to speak, with the stronger tuberculin and 
therefore they failed to react as a rule when a less amount 
was used at the second injection. 

These experiments also show that the dose administered 
may bo varied greatly and still produce a reaction in a dis- 
eased animal, for the amount of imported tuberculin that was 
injected was only one-tenth of the minimum dose that is 
usually recommended. The fact that this dose, as small as 
it was, produced a reaction in almost every diseased ani- 

L;.g,l,zetoyGoO^^IC 



176 Eleventh Annual Report op the 

mal that received but a single injection indicates that 
smaller doses in these cases were quite as potent as the 
stronger injections. This question of dosage is one that 
needs to be investigated still further. 

Taking the two tests in connection with each other the 
results may be summed up as follows: Thirty animals 
were inoculated in all; of these twenty -five reacted, show- 
ing a diseased state, tne remainder being declared healthy. 

AUTOPSY RECORDS. 

To test the efficiency of this diagnosis it was necessary 
to slaughter the herd, especially those animals that had 
reacted to the test. At the same time it was just as essen- 
tial that at least some of the healthy animals, as indicated 
by the test, should be killed in order to see if they might 
have the disease and still not react when injected with 
tuberculin. 

Immediately after tne completion of the second test the 
work of slaughtering began. The autopsies were con- 
ducted by Dr. Clark and the writer with the assistance in 
a few cases of Dr. Miller, Instructor in Anatomy in the 
University. The subjoined autopsy records are briefly 
given so as to indicate the extent of the disease in each 
case. 

Folly. — Grade Jersey; 18 months old. 
History. — No trace of disease apparent, couditioD excellent, fat Wei^il^ 
February 20. 1894. 77Q Ihe. 
Pbysica] diaenoBis. — Healthy. 

Tuberculin test — Harlitd reaction wilh both injections; February 90^ 
Bureau tuberculin: March 33. imported brand 

Autopsy.— Mwrth 32; weight. 808 lbs. Left lunjcctudded with small bftrd 
capeous tubercles. Pome of which were broken down into purulent matter. 
Submaxillary glanrls affectFd. Periloueum over smaJl inteatine dotted 
wilh pearly p/otuberanoeB. rheesy or calcareou". 

Tubercles in lung seem to bare dfvelopfd with relation t« ciiculatory 
system and not the bronchi, tironcbial glands healthy. Microscopical ex- 
aminntion showed the infection to havt^ been transmiited to the lympbaiio 
circulation through the large follicles of mucous membrane of ittteatiue. 
DonBTFOL.— Grade Jersey, S years old. 
History.— Good. 
Physical diagnosis. — Sound. 

Tuberculin test.— Inoculated February 24 and May 3, 18&4. Nonaotkn 
tn either case. 
Autopaj:.— Uay 9. No signs of tubercle on poit-mortem. 
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Qat.— Registered Jersej, eetimated 6 years ol<L 

History. -ApparenUy healthy. Weight February SO, 871 Iba; 

Physical diaifnoeis.— Suspicious. Blight thickening of submaxillarr 
lymphatics. Crepjutioa over portion of left lung. Increased reHpiratorr 
murmur at lower end of trachea 

Tuberculin test— February 20, reaction wilh domextio tuberculin. 
Uarch 30, no reaction with imported tuberculin (only aS davs beiween in- 
jections). 

AuWpsy.— Mayl6. weight. 855 Iba. Single large abscess in intestinal 
waU (ileum). Several small pearly nodules on ileum and colon. Incip- 
ient tubercular spots in pharyngeal glands. Large, well- developed tuber* 
cle in right lung. Udder enlarged but flaccid, upon section tisBue appears 
filled wilh small nodular masses, whitish in color. Few bacilli found in 
■orapmgB from inside of millr sinus, 

AAGOn HffTHBRLAND BSAUTY.— Registered Holstein, 5 vpnrB nU. 

History,— Animal always tbin, Aboolutely impossible to fatten when in 
lactation. Weight, February 22, l,0l7lbs. 

Physical diagnosis.— Enlarged sub maxillary lymphatic)) duIlnHSB on 
jpercusrion over upper posterior part of right lung and slight crepiumon. 
Suspicious. 

Tuberculin teet—Inoanlated with Bureau tuberculin February 23. Strong 
leaction. Inoculated May 8 with imported tuberculin. Reaction 1.5 de- 
grees Fahr. 

Autopsy— May 12, weight 916 lbs. Pharyngeal glands filled with email 
tubercles, pin head in size. Mediastinal glands contain numerous small 
tubercles. Ledons apparently point to a recent infection, 

Oalema.— Grade Jersey, estimated 5 years old. 
Physical diagnods. — Sound. 
Tuberculin test— Bureau tuberculin, February 38. Beaotion. Imported 

tnberoulin Mnv a. No r^Hi.ii.m. 

Autop^.— M^ 13, wdght Oil lbs. Fharyngml glands affected. SmaD 
tabercJes found m mediastinal glandi, eevenl pearly tubemles in ileum. 

BuE aw SiLTBB Spbiikib.— Begifitered Jersey, 10 years old. 

History.— Good. Weight, Maircb 12, 980 lbs. 

Physical diagnoria.— Enlarged submaxillary lymphatics. Dullness on 
percussion and slight orepitaSon over upper posterior pan of right lung. 

Tuberculin teat. — biociuatad March 18, with imported tuberculin. Reac- 
tion of 1.8 d^treea Fabr. Inoculated May 3, with Bureau tuberculin. 
Harked reaction. 

Autopsy.— May 14. Weight, 880 Ibe. Mediastinal glands cheesy and 
calcareous. Right and left limg show several small tubercles. Namberof 
pearly nodules in ileum. 

KETHEBI.AIID NcooxT. — Refflatered Holstein, 8 years old. 

Histoiy.— Good Weight, March 12, 1,132 lbs. 

Physical diagnosis. — Suspicious, Submaxillary glands enlu'ged. In- 
creased respiratory murmur over portions of each lung. 

Tuberculmteet.— Inoculated with imported tuberculin March 12, Reac- 
tion. With Bureau tuberculin May 2. Reaction. 

Autopsy. — Hay 15, weight 958 lbs. Several pearly nodules in tbe wall 
of ileum. In right lung two or three tiny tubercles. In left lung several 
large pneumonic areas, 

Daiht.— Grade Jersey, 14 years old. 

History.— Animal thin and emaciated but poor condition seems to be a 
family trait, for two generations on mother's side were always thin: heavy 
milkers.. Weight, Feb. 20, 778 ibs. 

Physical diagnosis.— Tuberculous. Thickening of submaxillary lym- 
phatics. Dullness of percussion over considerable area of each lung; busky 
conghi heaving ot flank. Increased resonance over portion of left lung. 
Branchial breathing over tower anterior portion of left lung. Emaciated. 
Hide bound. i™,,i,,„ ,„ C^OOQ Ic 

12 ' ' 6 



178 Eleventh Annual Repoet of the 

Tabcrotiliii teat. — Inoculated Febrnary SO. a ve reaction. 9d injeo- 
tlon with impOTted tuberculin March SO. No Traction. 

Aotopar.— Uajrch W. Anterior mediaeiinal gland slightly enlarged; 
ehowed a few email tnberclee on peripherf. 'I'iasue examined micio- 
eoopicallr and bacilli demon titrated. Other organs ehowed no evidence tA 
tubercDloaie. Uullneeitof percusaioiiduetoan old pleurisr, therefore the 
physical diagsoeis as tuberculous not warnmted bj eridecce at auto^y. 

Bdnm. — Qrade fiolstein, 11 years old. 

PistOTy-— f ood. Weight. March 13, 1,860 lbs. 

Physit^ diagnosis.— Sound. 

Tuberculin teet.—Inoculaied Uerch IS nith imported tuberculin. No 
reaction, bureau tuberculin May 3. Besction 2 1 degrees F. 

Autopsy.— May 1&, weight 1, ISO lbs. One tubercle in posterior lohettf 
left lung. Numproua pearls in the wall of ileum. Influued areu in 
pharyngeal glands 

BK1.CTT.— Native, eatimated 13 years old. 

History.- Good. Weight March 13, 1,130 Ibe. 

Physical diagnoeis.-Dullneea in percuMion over pmterior part of rig;hk 
huiK. Bronchial breathing over lower anterior part oi light lung. Fnb- 
aUy tuberculous. 

Tuberculin t«et.'~March 12, imported tuberculin Seaction 1.7 degreea 
F. May 3, Bureau tuberculin. Beaction 1.8 degrees F. 

Autopey. — Hay 17, weight 983 lbs. Shons a bealed-over tubercle in left 
lung; also a eingle pearly nodule in intestine. Beveral well niarked tuber- 
cles in anterior mediastinal glands. 

Bessie 2i>. — Grade Jersey, 7 yearn old. 

History.- Bather poor in fleoh. Weight March 13. 0»0 Ibe. About April 



In guantitT (0.8 lbs per milking). 

Pnysical diaKuoaa.- Susplckitu. February SO, submaxillary gland 
sUghily enlarged: crepitation over i»rt of right lung. 

iubercuUn teet.— Beacted with imported tuberculin, March IS. B^ 
acted upon second injection with Bureau brand. Hay 3. 

Autopsy. — May 4, weight 6911bs. HightlungdieeasediBbowedafewlarge 
noduUs, calcareous. Bronchial glands filled with numerous tubercles. 

Hsrhed changes in tissue of cerebellum although no bacilli could bs 
demonstrated in seotionaof tissue. 

Palutra. — Grade Jersey, Syearaold. 

History.— Condition always good Weight March 13. 006 lbs. 

Physical diagnosis. — Given as sound. Slight crepitation over portion of 
ri^t lung. 

Tuberculin teet. — Inoculated March IS, with imported tuberculin. Btt- 
action. Second injection, May 3, with domeetic tuoerculin Beaction. 

Autopsy.— May IS, weight ^1 Ibe. AUol mediestiEal glands badly af- 
fected, cheesy and calcareous. One tubercle in poeterior lobe left hmg. 
Numerous pearly protuberances from wall of ileum. 

tAJfSi.-'^vtAa Jersey, 8 years old. 
History,— -Animal fat and in excellent condition. Weight 816 Ibo,, 

March l£ 
Physical diagnosie.— Sound, 
Tuberculin test.— Injected March 18. Beaction fever of 8 degrees above 

normfd with imported tuberculin; although only 1.7° above highest 

normal. 3d injectiOD with Bureau tuberculin, May 8, gave a atx^mg re- 
Autopsy.— May 4, weight 765 lbs. Bronchial glands filled with tuberdea. 

A few well marked nodules in each long. A well-dsfined but not a bad 

«ase. Lesions apparently recent. 
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CoLAiriBi. Rosa. -Blistered Eobtelii. IS moutlu old, 

HiBtoiy.— Oood. Weight 938 lbs., Maioh 12. 

PhyBiosl diaKnoBiS.— SountL 

TnbereuUn Mrt.— Injected with imported tuberonlln March 13. Strong 
feactioD, 3d itijeotion, Uaj S, with domertic tuberculin (on^ 1,70 oo. 
injected, a put of dnee accidently lost). Biae In temperature of 1.4 
degrees Fahr. 

Autopfly.—Uay 10, weight SSS lbs. OaXj tuberoulona tissue found la 
animal was in leit posterior mediaBlinal gland, wMoh bad a few diaoiut* 
tubercleB. 

Ueltika.— Begistered Short Horn. 6 years old. 

Eistorr. — Condition always good except a nasal catarrh which has been 
more or lesB severe for past three Team, Weight 1,280, lbs. February 23. 

Physical diagnoaiB. — Sound witn the exception of above H^mptoiii. 

Tuberculin t«et. — Bureau tubercuUn, February 23. Marked reaction. 
Imported tuberculin May 3. Reaction. 

Autopsy. — Hay 11, weight 1,340 lbs. Pharyngeal glands oilarfred and 
calcareous. Mediastinal also contain numerous tubercles, many ot which 
are broken down into abscesses. Numerous large abscesses and inflltrated 
areaa in both right and left lung. Leaions point to an old chronic in- 
fection. 

EZPBBiiraNTALiST.— B^jstered Jersey BulL 8 years old. 

History. — Presented when a young calf to the station by N. T. Agri- 
CUliurnl Experiment station. Weight 1,836 Ibe., March 12, 

Ph3><ical diagnosis.— Apparently sound, although detailed examinalaon 
not made. 

Tuberculin test.— Inoculated March 18, with imported tuberculin. 
Strong reaction. 2d injection with domeetio tuberculin May 3. Be- 
action. 

Autopsy.— Showed a badl^ affected chronic case. Pharyngeal and medi- 
astinal glands well filled with calcareous tubercles. Both lungs showed 
numerous tubercles, hii koi? nut in size, imbedded in tisnuei also several 
vrotruding from costal surfaoe (grapee). Testis slightly aSected. 

Lady Hosscoat.— Short Horn. 2 years old. 

Bistory.— Daughter of Mips Cowslip eth. 

Tuberculin test.— Showed reaction of 3.7 degrees Fahrenheit. 

Autop^.— May 13. Hediaatinal glands show a few small tubercles (pin- 
head in size). Acute iaflamedareas in different lobeeof both lungs. Oneor 
two small tuberclee on ileum. Animal apparently infected recently by the 
way of the air passages. 

Melsosb. —Short Horn, 18 months old. 

Tuberculin teet showed tuberculous condition of animal. 

Autopsy — May 11. Mediastinal glands werecompletelv inflltrated, cal- 
oareouB, cheesy, and in some cases purulent. One tubercular abscess, 
size uf walnut, in right lungj also several smaller tubercles with acutely 
inflamed tissue Burrounding them. Left lung slightly aSected; one pear^ 
nodule on ileum. 

Pft.— Ayrahire, 16 months old. 

History. — Perfectly healthjr. 

Tuberculin test.- May 10, injected with Imported tubercnlio; no reao- 
tlon 
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•wing relation <tl tuberculoui hind quarter tothe^rs- 



Fio. !I.~Slde view ol tuberculous udder, sbowlng tuberculous hiud quarter much an- 
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lOTged (Xa Iba.), bard, fl brcuEi, full ut lu'bcrtulcus ni 

CuaTBiLDR BoSA. — ItegiatoredHolst^D. S jean old. 
fliatorj. — Animal in good health until December, 1803. Calf dropped 
December 24. Weight at this time 1,150 Ibe. Beean U> Inge In 3(;sh 
from this dat«. Snelling on udder noticed about Januarj SO. Became 
emaciated very rapidly. Weight March 18, 1,077 lbs. Inoculated at this 
date with tuberculin. Died April 8. 

Physical diagnoeis. — Tuberculoue. Enlarged maxillary ftltinds; dullneaa 
and crepitation over upper part ot left lung Increa-wd rcHpiratiry 
(DUrmui at foot oF trachea. Right bind quarter much enlarged uud hard; 
mucoue membrane pale;, coat rough. 

Tuberculin te«t. — Reaction fever prefient, although there was an 
•bnormolly high temperature before inoculation. 

Autopej. — April 8, weight 855 Iba, Ahdominal peritonea! furface 
covered with net work of fine tubercles following bliMjd vp^m-Ip. Peri- 
toneum of wall covered with nodules. Bronchial glands much enlarged 
«nd filled with tuberolea. I^rge duatera of noduiff adhernnt to lunicsand 
Goetal pleur& (grapev) and also imbedded in tissue of lungs. Aitectad 
quarter of udder weighed 38 lbs,; a solid jellowish mass, calcareous, in 
few places See Figures 20-2S. Microscopical examination showed a very 
acute generalized etage of the disf see; bacilli preeect in milk in very large 
numbers. This instance tbows the eSect of calving on animals already 
affected with tuberculosis. 
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Kq. aa.— aeeenterjandinnslliDlesHaBr.f tuhereulou»cow. NumBtous liny oodulos OTBrsur 

QaIiATU.— Oi&de Jeitej, 6 months old. 
Hietory.— DauKhter of Oaleca and ExperimeDtalial, Kept hoaied !■ 
■tune bam with other stock Bince birth. Apparently in good health. 
Tuberculin test —Inoculated May 2 with imported tuberculin; reactlcm. 
Autopsy, — One small tuliercle in left lung. Left mediastinal gland (po» 
terior) tbowed a few dii-ir<'ie tuberclea; bronchial glaodB poneesed in- 
flamed areas. Abdominal viscera healthy. 

MBLNOm — Short Horn, 4 months old. 

History. —Apparently in good condition, with the exception of a thiotain- 

Ing between oaaea of lower jaw. Kept in atahltt with nnaaindw of kwA 

dntw bii^ 

Tuberculin test — Injected with importpfl tuberculin. May '1; itfau-(,i,.u 

Antopay, — A large abscess enclosed in a fibrous capsule occuc'intr ipnna 

tf phurngeal gland. Mediastiiial glands showed uumerous tubercles sumo 

tt wbiob were calcareous and cheesy. Few small nodules in left lung. In- 

fcttinm noimal but meoenterio glands show numerous young tobwnlM. 
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Bonm.— Qnde Itartej, S mooths old. 
HMoiT.— Honaed willi herd rince birth. 

Tnbeoroiiliii tMt^-lbd« with ImporUd tuberonUn, Waj 3; naottou. 
- Antop^.—Inci|deiit taberoles in right meduBtinBl gland: well developed 
BMHee in left mediaetin&l lymphatic kIaik^b. Slight nodnlar growthi In 
• few of mesenterio glands; also numerous tinj tubercles in liver 
A»(-mortem appearsnoee would indicate a mixed source of infection. 

AuauSTDS.— Holetein Boll, 6 months old. 



Celox. — Holstein, 4 months old. 

HistOTT.— Daughter of Oothade. Mother wbh tnbercnlona when with 
calf and rapidly wasted away with acute generalized stage of the diaaass. 
Udder markedly affected since calving. 

Tuberculin teat. — May 2, with imported tuberonlin: reaction. 

Autopsy. — May 12, Mesenteric glands filled with numerous nodules pin- 
head in size. Intestinal glands covered here and there with soft, joung 
tubercles. Liver with several tuberculous areas scattered throbgh tissue. 

Unqueetionablf the caU must have been suckled on tuberculous milk 
from the very beginning. 

JOHEFHnn,— Grade Jersey, 1 weeks old. 
Tubercnlin test Indicated no disease. 
Aat^ay— Uay IS, showed no evidence of tnberonlar ledons. 

NuasxT.— Begistered Holstein, 6 months old. 

History. — Housed in same bam with herd since birth. 

Beaction with imported tuberculin. May 3. 

Autopsy. — Hay 8, Superpharjngeal glands inflttrated and cheesy. Ii^ 
anterior mediastinal studded witn small hard tuliercles. Several small 
tubercles in me«ent«ric glands 

Blossom.— Grade Jersey, 5 months old. 
Etstory.— Housed with other animals. 
Tuberculin test showed Mav 3 a strong reaction. 

Autopsy. — May 13. Larj;e abcess in pharyngeal gland. Mesenterio 
glands largely infiltrated with amtUl-sized tubercles. Lungs healthy. 

In order that a more comprehensive idea may be ob- 
tained of the different organs affected, their relative fre- 
quency, and also to bring out more clearly the probable 
source of infection, the autopsy records of tuberculous ani- 
mals are arranged in a tabular form as follows: 
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Comparison of autopsy record with diagnosis made by 
tuberculin {see Table 4) will show that in every one of the 
twenty-five animala diagnosed as diseased, evident tuber- 
lar lesions were found. Of the five animals that did not 
react three were killed, and in one instance (Beauty) a 
well developed tuberculous condition of the anterior medi- 
astinal lymphatics was observed. 

This is, then, the only failure recorded against the tuber- 
culin test in this herd. 

COMPARISON OP PHYSICAL WITH TUBERCULIN TEST. 

The efficiency of the tuberculin test over the physical 
diagnosis is well seen in the case of this herd. In the in- 
cipient stages of the malady it is practically impossible to 
detect the diseased condition of the animal, especially if it 
develops in connection with the alimentary tract. 

Dr. Clark made a careful physical examination of the 
animals, eighteen in number, included in Lots I and H. 
His report is embraced in the table found on following 
page, and the details of the examination are grouped with 
the post mortem accounts in the foregoing autopsy notes. 
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iutop«y record. ~ 
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In only two cases (Daisy and Olotfailde Rosa) did he find 
marked symptoms that led him to pronounce the animals 
undoubtedly tuberculous. Two other animals were also 
diagnosed as diseased, although the symptoms were less 
marked, and four animals were noted as suspicious. 

Reference to table 4 will show the instances in which the 
physical di^^^oses were confirmed by the autopsy. Of the 
two animals that were regarded as unquestionably diseased 
one showed a generalized tubercular condition strongly 
manifested in the udder. The other animal (Daisy) waa 
slightly tuberculous (one lymph gland), but an old pleuri&y 
had misled the veterinarian in his physical examination. If 
the tuberculous animals that were diagnosed as suspicious 
are regarded as correctly diagnosed, then the veterinarian 
succeeded in the physical examination in seven out of six- 
teen cases. The remainder of the herd that was later sub- 
jected to the tuberculin test was not closely examined by 
the veterinarian, but all of the animals were in apparent 
good health as far as could be noted upon a cursory exami- 
nation. The superiority of the Koch test over a physical 
examination is thus demonstrated beyond all doubt. 

If tuberculosis is a disease that should be eradicated be- 
cause it is a menace to public health and to successful ani- 
mal industry, we must be able to recognize it in its earlier 
stages as well as the more advanced cases. By means of 
the physical examination alone, this is manifestly impos- 
sible, but by the aid of the tuberculin test, we can at once 
determine in almost every instance whether the disease is 
present even in its earliest phases. 

The objection is often urged that the tuberculin test is 
too delicate, that it detects a diseased condition before any 
danger can possibly arise from it. This objection is, in 
fact, one of the strongest points in its favor, for it enables 
a dairyman to know the actual condition of his herd, and to 
take such precautionary measures that will enable him to 
limit the possible spread of the disease. 

Xn the course of the past season several other herds have 
also been tested with tuberculin. The complete temper- 
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ature readings of the total number of animals injected will 
not be given but oulj those cases that are of especial inter- 
est. 

RESULTS WITH HERD II. 

Herd II owned by B, C. was compoaed of twenty animals, 
five of which were registered Guernseys, ten high grade 
Guernseys and five grade Jerseys. All of the animals in 
this herd except a registered cow and bull were bred and 
raised on the farm. The history of the herd in the past has 
been good, no deaths having occurred for ten years. Tuber- 
culosis has never been suspected. The physical exami- 
nation made by Dr. Clark showed no disease whatever. 
The inoculations were also made by him. 

Of the twenty animals that were injected only five were 
at all suspicious. The reaction with the remainder of the 
lierd varied from 0. %" F. — 1. 5* F. so that they were not re- 
Sfarded as reaction fevers. The records of the five animals 
that should be more closely scrutinized are as follows: 
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Table 6. — Ante-inoeulatiott temperature records. 
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4S 
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In the above cases Noa. 40 and <7 (Nancy and her calf 
Nan) are unquestionably tuberculous. In all probability 
Nan contracted the disease by suckling her diseased mother. 
The remaining cases are not so easy to diagnose from the 
data at hand. 

As No. 36 (Kate) was due to calve in about one montli, 
her variation in temperature before inoculation may be as- 
cribed to her pregnant condition. It is plainly evident that 
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her avera^ normal as given is much too high, so that the 
total reaction is coDsiderably less than it should be. Then 
again it will be observed that the temperature of this 
animal was rising when the observations were stopped. 
Where such a condition is found, it is always necessary to 
continue to take temperatures until they begin to decline. 
Usually the maximum febrile reaction occurs in the course 
of twenty hours, but it sometimes happens that tbe highest 
temperature is found after this lapse of time. (See cases of 
Experimentalist, No. 19, and Clothilde Rosa, No. 17, Table 
1 B, page 170. 

In the cases of Kit (No. 43) and Julia (No. 48) there was 
a rise above average normal of 2.0° F. and 1. 9° F. respect- 
ively, and above the highest normal of only 0. 9° F. in each 
case. In both cases the highest inoculation temperature oc- 
curredat 6:30 p. m., approximately the same time of day that 
registered the maximum normal of the two preceding days. 
This might indicate that the maximum inoculation tem* 
perature was merely an exaggerated diurnal rise, and not 
suflficient to be called reaction. Then again, the average 
normal, as given in this case is higher than it really should 
be, for it contains the evening (the highest) temperatures 
of two days. If the average of the normals of 5:30 a. m., 
l;i m. and 7 p. m. of July S3 (one full day) is taken instead 
of the whole series, the average normal temperature of the 
animals in question will be lowered from 0.3°— 0.4° F., thus 
increasing the extent of the reaction above the average nor- 
mal in both cases to 3. %" F. and over. This rise in temper- 
ature would be sufficient to warrant the diagnosis as ex- 
ceedingly suspicious. On the strength of these results, 
isolation and quarantine was recommended with a subse- 
quent test to be applied later. At date of writing no au- 
topsies have been made so that the correctness of the 
diagnoses in these cases is not definitely known. 

RESULTS WITH HERD III. 

Herd III owned by G. C. H. & Son is a herd of full 
blooded and high grade Guernseys that was also tested 
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by Dr. Clark Au^irust 3Ist. In this inBtance the imported 
tuberculin was used. 

In this herd of twenty-three head, twenty-two of which 
are full blooded, only one animal, a seven year old cow No. 
fi7 was found that gave a reaction indicating the presence 
of the disease. In the case of a two months' old calf, No. 
72, the temperature closely approximated a reaction, 
although this diagnosis was not made in this case. 

With the remainder of the herd the post-inoculation tem- 
peratures ranged from 0.1° F. -1.55* F. above average 
normal. 

The temperatures of the two animals that are of most in- 
terest are ag follows: 



Table No. &.— Temperature record*. 
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... 



No. 57 gave a very evident reaction and was consequently 
diagnosed as diseased. On November 2d this cow was 
slaughtered and found to be tuberculous, thus coufirmins^ 
the diagnosis by the test. At the autopsy the udder was 
found to be diseased, a large abscess being present that was 
filled with broken down purulent material. Abscesses were 
also demonstrated in the lungs, together with tubercles of 
a caseous nature. 

The condition of the young calf. No. 72, was not con- 
sidered as tuberculous, although the rise in temperature 
at one time was quite marked. It will be noted that the 
maximum inoculation temperature occurred at the same 
hour as the maximum normal and was only 1.2^ F. above 
it. The duration of this rise was so short that it can hardly 
be called a reaction fever and should doubtless be consid- 
ered as a temporary variation. 
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No. 57, which had been taken by the owner on shares, had 
been introduced into this herd but a short time before. For- 
tunately the tuberculin test revealed the true condition of 
the new accession, and the herd was probably saved from a 
further spread of the disease. 

The two herds considered above were almost all high 
grade or registered stock of the Guernsey breed. In neither 
case was the disease very severe, althoupch in both instances 
it was present in the herd, and having obtained a foothold 
the danger of further infection was possible. 

In view of the fact that the great majority of the tuber- 
culin tests have been made upon graded or registered stock, 
it would seem desirable if data on native or common stock 
could also be secured. 

The theory is often advanced that tuberculosis is far more 
prevalent among the finer breeds than it is with native 
or low grade stock, but experiments with tuberculin upon 
this class are altogether too few, as yet, to make any sweep- 
ing generalizations. 



RESULTS WITH HERD IV. 

This herd belonging to E. F. R. had a large proportion of 
common native cows and on this account the results obtained 
are of interest. In the herd of twelve animals, Nos. 74 to 85 In- 
clusive, eleven of which were cows, five were common 
native cattle, the remainder being low grades of the Jersey, 
Holstein and Short Horn breeds, with the exception of one 
cow which was a high grade Short Horn. 

The history of the herd has been a good one, no deaths 
having occurred for a number of years. Almost all of the 
cows had been raised on the farm excepting three that had 
been brought to the place with a change of tenants four 
years ago. 

The herd was tested on August -SOth and 3lst by the 
writer, using the bureau tuberculin. Five ante-inoculation 
temperature readings were taken to obtain an average nor- 
13 
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mal. The post- injection temperatures ranged from 0.4° F. 
to 1.4" F. above this normal so that no reaction was found 
and the herd was declared free from the disease. 

In addition to these four herdfl which included eighty-five 
animals a few isolated cases were also tested with tuber- 
culin, bringiug the whole number up to ninety -two, A brief 
recapitulation of the results obtained in these cases is as 
follows: 

Table 7. -Summary of inoculations. 
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CONCLUSION 8. 

In the above series of inoculations only one failure 
{Beauty of Herd I, Station) is to be recorded against the 
tuberculin test. Every animal dicgnosed as diseased by the 
test was fouud to be tuberculous when slaughtered. In 
only this single instance was a tuberculous animal found 
that had given no reaction when inoculated. 

Of the entire number of animals (30) that the test con- 
damns as diseased only seven of these had been recognized 
as tuberculous upon the basis of a physical examination. 

Our experience with the tuberculin test has been emi- 
nently satisfactory as it has enabled us to detect five times 
the number of cases that were discoverable by the ordinary 
method of examination. 

Errors are sometimes found in the tuberculin test even 
where it is used with the greatest of care. These mis- 
tafaes, however, are rarely due to the imperfect action of 
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the tuberculin but in the great majority of cases, failures 
in diagnoses are the fault of the operator rather than the 
agent used. As experience with this agent increases it 
maj be expected that these personal errors will be reduced 
to a minimum. 

In recommending the test as a diagnostic agent, there is 
one point the importance of which is often underrated, and 
that is the necessity of securing a full set of the ante-in- 
oculation temperature readings. The normal temperatures 
of cattle are subject to such marked fluctuations that un- 
less abundant, data ia each case are secured, many in- 
stances will occur in which it is impossible to make an ac< 
curate diagnosis. It is, of course, desirable in introducing 
the test in a practical way to reduce the amount of work 
to the minimum, as far as time is concerned, but a reduc- 
tion in the number of preliminary temperature readings is 
often made at the expense of accurate diagnosis. In the 
majority of instances, the reaction fever will doubtless be 
BO marked that slight variations from the average normal 
will not affect the result, but often the total reaction so 
closely approximates the minimum limit that is taken to 
represent a tuberculous condition that the operator is some- 
times misled, unless he has a series of normals extending 
over at least a full day. 

An instance of this sort is seen in the case of Kos. 43 and 
48, mentioned on page 190, With the data at hand, these 
cases can only be pronounced suspicious, but if a full set of 
normals had been secured so as to determine the daily vari- 
ation, a positive dif^nosis could no doubt have been made. 
Ourknowledge concerning the normalvariation in the tem- 
' perature of cattle and the causes that induce the same is 
yet too vague and imperfect to deduce any well defined 
laws. As the use of tuberculin is extended this phase of 
the subject must demand greater attention. In conclusion, 
the results already accomplished with it warrant its con- 
tinued use as the best means of detecting tubercular 
troubles in cattle. 
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THE INFECTIOUSNESS OF MILK FROM TUBERCULOUS 
COWS. 



H. li. RUSSELL. 

It is becoming more and more evident as the use of 
tuberculin increases that the percentage of dairy cattle 
affected with this disease is larger than was formerly sup- 
posed- Recent reports from Denmark ^nd Germany, 
"where the tuberculin test has been most thoroughly tried, 
show an alarming amount of it among dairy stock, and 
here ia this country in a great many of the best dairy- 
herds it has obtained a strong foothold. These facts that 
are brought out by the use of tuberculin raises anew the 
question concerning the infectious properties of the milk 
from tul>erculous animals. 

Experiments upon this question are as yet conflicting in 
their results. The oi)inion of Koch, based upon his ex- 
periments, that the bacilli were only present in the milk 
when there was a demonstrable lesion of the disease in the 
udder was for a long time accepted as correct. Since 
these experiments were made, numerous investigators 
have considered the same question. Nocard, McPadyean, 
Law and others failed to infect experimental animals when 
the milk of tuberculous cows with healthy udders was used. 
On the other hand, Hirschberger, Bollinger, Bang, Ernst, 
Smith and Kilbourn have shown experimentally that 
tuberculous animals deliver infectious milk even though the 
disease may not be present in the lacteal organs. 

In view of the fact that the experimental evidence at 
hand is of such a contradictory nature, it would seem that 
all the data that can be accumulated on. this subject is de- 
sirable. The recent introduction of tuberculia as a means 
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of diagnosing this disease facilitates work of this charac- 
ter. Then, too, the fact that the majority of tuberculous 
cows are now slaughtered when their diseased condition is 
ascertained makes it possible to determine accurately the 
condition of the udder. In many of the previous experi- 
ments that have been made oa diseasei animals with sup- 
posedly healthy udders, the diagnosis concerning the con- 
dition of the udder has been based merely upon external 
examination. Where autopsies are held the actual distri- 
bution of the disease can be accurately determined and con- 
sequently the data gathered in this way is more valuable 
on the point in question. 

INOCULATION EXPEltlMENTS WITH MILK, ETC. 

In the severe epidemic of tuberculosis that we experi- 
enced with the Station herd, the opportunity was offered 
for a study ot the milk with reference to this question. At 
the time these experiments were instituted only one ani- 
mal, Clothilde Rosa, showed aay evident udder lesions 
that were of a tuberculous character. 

Table I gives a resume of the experiments made with 
milk inoculated into rabbits and Guinea pigs from a num- 
ber of the animals of the herd that were known to be 
tuberculous as diagnosed by the Koch test. lu some cases 
the fresh milk was injected; in others the milk was re- 
ceived with the greatest possible care in sterilized Erlen- 
meyer flasks. The contents were then centrifuged and the 
sediment in the bottom of the flask used for inoculation. 
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From the above table it will be noted the 
only one animal, Clothilde, was able to infei 
animals when injected directly into the abc 
Rabbit No. 7 was inoculated with 2 cc. of th 
from tuberculosis in the course of 55 days, 
inoculated with only a single cubic centime 
twice the time (110 days). At the time i 
from this animal was inoculated, the udc 
swollen, the growth being of a hard, dense 
painless. A microscopic examination of il 
the presence of numerous tubercle bacilli. 



AUTOPSY RECORDS SHOWING EXTENT OF 
IN COWS. 

In this connection reference to the autops 
animals mentioned in the above table will I 
determining the extent to which the vari 
diseased. These records will be found in d 
connection on page 176, also summarized 
3, on page 184. Prom these it will be see 
ease in Daisy, Aaggie, Galena and Netl 
was either localized or in an incipient staj 
highly improbable that their milk would be 
way. 

With the three remaining animals, the b 
reveal a more suspicious condition. The u 
Bunn were greatly enlajged, although tu 
were not demonstrated. In Gay the udde 
and bacilli were sparsely found in scrap 
walls of the milk sinus, but in the rabbit : 
her milk no trace of tubercular affection wa: 

In Clothilde the udder lesions were very ■ 
bacilli were determined in the milk in abi 
of the experimental animals inoculated wit] 
cumbed to the disease inside of two to four 
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CONCLDSIOH. 

From these limited experiments, the conclusion in this 
d that the milk from these tuberculous 
ctious where the disease was not local- 
Even where the udder was possibly 
were not present in the milk in suffi- 
call forth a diseased condition in the 
oculated with small quantities (1—4 cc. >, 
[Stance where the animal had the dis- 
id form. These results add somewhat 
subject, but the amount of evidence 
f augmented before definite conclusions 
nfectionsness of milk from tuberculous 
isease does not afFect the udder. 
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RELATION OF SEPARATOR SLIME TO 
IN HOGS. 



H. L. RUSSELL. 

Ostertag' has pointed out the interestin 
tween the development of the separator j 
ing and the spread of tuberculosis among 

In north Germany and Denmark wher* 
method is extensively used to separate th 
milk, the percentage of tuberculous ho, 
greater than it is in the southern parts ol 
swine are fed on the skim milk raised 
process. In the northern countries the 
products (skim milk and separator slime) 
paratively fresh condition. 

Scheurlen' and others have pointed out 
lation that the tubercle bacillus bears 1 
process. They have shown that this ge: 
with the slime so that the sediment adhe 
rator bowls that is derived from milk cot 
culous cows often has infectious propertie 
possesses a large amount of proteid mab 
fore has considerable nutrient value, it 
hogs. The relation above referred to is 
ble and well worth being made the su 
study. 

The experiment detailed below was 
above facts. 

'MUch ZeituDR 22, p. 672. 

'Arbelten aas d. Kais. Gesuadheitsamte, 7, (1891) 
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FEEDING EXPERIMENT. 

A litter of four pigs, 6 weeks old, was taken and Qi 
vided into two lots. Lot I (Nos. 1625 and 1627) was fed on 
a ration consisting of skim milk and dry feed (one-half 
I the remainder corn meal), while Lot II {Nos. 
>26) was given the same ration and to this was 
separator slime from the University creamery. 
it of slime secured from the daily run of 3,500- 
f milk was rather small, averaging about seven 
lunds per week. The experiment was begun on 
and continued without intermission until No- 
. During this time the amount of feed con- 
as follows: 





Shim milk 


Dry reed. 


Slime. 


Total feed. 




I.IM 

1,1S5 


m 
aao 




1 1.480 




es. 


1 1,»1.» 



unt of slime consumed by the two pigs in Lot II 
eight 5.4 per cent, of the entire amount of 
med. 

AUTOPSY RECORDS. 

imber 13, the young pigs were killed. The fol- 
:t mortem records show their condition : 



1625. Weight 111 lbs. All internal organs in 
ing cavity) and abdominal regions entirely free 
se. 

1627. Weight 85 lbs. This animal appeared to 
. in its growth from the very first. Careful ex- 
of all lymph glands, lungs and intestines failed 
my evidence of tubercular troubles. Perfectly 
roughout. 
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Lot II. 

Pig No. 1624. Weight 107 lbs. Lungs, lymph glands and 
intestines entirely free Irom disease. Liver tissue especially 
on surface studded with small whitish areas of a diffused 
character, apparently of a fibrous nature. These patches 
not of a tubercular character. 

Pig No. 1626. Weight 101 lbs. Autopsy revealed the 
same condition in liver as in No. 1624. All other organs 
perfectly healthy. 

Samples of liver tissue from Nos. 1624 and 1626 were 
submitted to Dr. W. S. Miller, anatomist in the University, 
for a more detailed miscrocopic examination. He reported 
that there was an abnormal development of the connective 
tissue lying between the liver lobules (smooth cirrhosis) in 
both cases. This condition is usually associated with over 
feeding. 

As both of the pigs that had been fed on slime developed 
this condition, and as the two controls were free from it, 
the inference is natural that the slime was associated with 
it in some way. Separator slime has an extremely high ni- 
trogenous content (26 per cent, crude protein according to 
Fleischmann) so that the ration used with the slime fed 
pigs would be much richer in nitrogen than with the con- 
trols. A calculation of the total amount of digestible pro- 
tein fed in the case of each lot shows that Lot 11 (slime 
fed) received almost a third more crude digestible protein 
than Lot I. This was almost all contained in the slime 
used in the feed. This variation certainly is a marked one 
and needs further experiment before a definite answer can 
be given. 

CONCL'JSTO;.. 

This experiment while limited in its application on ac- 
count of the small amount of slime used approaches nat- 
ural conditions as they would exist where swine are fed 
on the waste products from any given creamery, for, if 
the whole yield of slime from any creamery having run of 
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K) lbs. daily was fed to a drove of hogs, it is not 
that the amount per animal would exceed the 
sed in this experiment. The above experiment 
negative in its resnlts as far as tuberculosis is 
shows that the slime from the creamery tested 
in proportion indicated above did not possess 
properties when introduced into the digestive 
le animal. 
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TESTS OF DAIRY COWS. 



J. W. DECKER. 

During the past four years this Station has been fre- 
quently called upon by breeders and agricultural associa- 
tions to make tests of cows. Whenever possible to make 
such tests without interfering with other Station duties the 
requests have been granted, the writer being detailed for 
the work in the majority of cases. In all over 90 tests, 
varying in length from one to seven days, have been made. 
The result of these, averaged for a single day in each case, 
are given in the following table, in which the cows of each 
breed are grouped together according to age. 
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In most cases the cowa tested have been selected to com- 
pete £or prizes so that the results in no sense represent 
what the average cow would do, nor do they show the re- 
lation between the different breeds. 

The Influence of Age upon Quality of Milk. 

Although a question of this kind cannot be definitely set- 
tled without examining the milk of a large number of cows 
through several periods of lactation we should expect, if 
much change occurred, that a noticeable diCference in the 
per cent, of fat would be found between the older and 
younger cows of each breed; this, however, is not the case 
and the inference is that the difference between different 
ages is very small, if, indeed, there is any at all. In some 
cases where the same cow has been tested at different ages 
there is found a considerable difference in the per cent, of 
fat in the milk, but the richer milk is sometimes found in 
the first and sometimes in the second test. If in such cases 
the influence of advancing lactation in improving the 
quality of milk is considered, most of the difference will 
disappear. This is illustrated in the tests of the Jerseys, 
Fannie's Fairy and Linda Pedro, also in the tests of the 
Holstein's Schoone and Altje Salo. The cows that have ex- 
ceeded four years of age have yielded considerably more 
butter fat per day than those younger, but this in almost 
every case is due to an increase in yield of milk rather than 
to change in the per cent, of fat. The cows over four 
years of age show very little difference in yield that can be 
attributed to age, and it is probable that cows that have 
reached maturity will continue for several years to do about 
the same each year. 

In some cases where the tests continued several days 
there was found little variation either in the yield or qual- 
ity of the milk from day to day; in others the variation 
from milking to milking is quite remarkable. As an illus- 
tration of this variation the test of Maudine's Belle is given 
in detail in the following table: 
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Table 2.~3'Mt af JtfaudtM's £«!!« Showing DaUj/ Variatlone. 
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It will be noticed that during the second day she gave 2i 
times as much fat as upon the first day, although the quan- 
tity of milk was increased only one-third. The greatest 
difference between any two milkings was found on the 
evening of the first day and the next morning, where the 
difference amounted to 6.8 per cent. fat. It is not usual 
for cows to vary as much as this, but such cases occur, 
especially where cows are disturbed or excited in any way. 

There were eight cows in the herd to which this cow be- 
longed and they were tested for five days; this gave 40 com- 
parisons between the evening's and morning's milk, the in- 
tervals between the milkings being the same. In these 
cases the morning's milk was richer than the evening's milk 
seventeen times and twenty-one times the night's milk was 
the richer; in the two other cases the milk tested the same 
in the morning and evening. As a rule, where the inter- 
val between milkings vary the longer the interval the ' 
poorer is the milk. 
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TESTS AT HOMB AND AT PAIRS. 

There is a general impression that cowb tested at fairs do 
not do as well as when tested at home, but very few care- 
ful obserTations have been made to test this point. The 
following tests bear directly upon the question. 

First, the herd of 0. B. Miller& Co. of Madison, consisting 
of eight cows, was tested at the Dane county fair in 1890. 
The cows were only three miles from home and had not 
.been jolted around on cars so that they had been disturbed 
much less than is usually the case with cowa on exhibition. 
The test at the fair lasted four days; after a week's rest 
they were tested again at home for &ve days; the results of 
the two tests are given in the following table: 



Table 3.— Te»t of C. B. Miller & Co.'s herd at ha me compared vHth the 
. test at the Dane county fair. 





ATiBiQK Trar Pin Dat *t 


Ayibaob Tmt pkb Dii at 


SiKBOFCoW. 


perdajr. 


Aver. 
aee^per 


par day. 


per day. 


cant. 


per day. 


IdaPogia 

lbudlne'iB«Ue 


19.48 

m.u 
sa.m 

ia.» 

H9» 


" 


47 
IS 

67 


.5SS 

.878 

.sas 

MSB 
1.BB 

.894 

.ere 


8.5 
14.8 
IB.O 

Sl.O 

11,1 


1.65 

B.87 
6.B8 

H.47 

5.67 
- 6.36 


.S«i 
.7« 




•DM 














Annte Johoson 




Average of berd for one day . 




84 


.872 


is.sa 


O.IS 


.787 



■Average of three days, the ot 



n: teats are averages ot 



It will be noticed that the weight of milk per cow is prac- 
tically the same at the fair as at home, the test at the fair 
.averaged .69 per ceut of fat less than the test at home. The 
average yield of fat per cow for %i hours was. 787 lbs. at the 
fair and .87:3 lbs. at home. Maudine's Belle and Elmwood 
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Duchess of Springvale 4th at home and at fairs. 
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ter the above teats were made these cows 
the Indiana state fair, and the week foUow- 
ois state fair at Peoria; at the latter place 
3d by Professor Farrington. The following 
le result of his test. It will be seen that 
. a great falling off both in yield of milk and 
, of fat, probably due to the fatigue and ex- 
i journey. 

-OilUtVe Holstein» at Illinois Slate Fair, 1891. 
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In Beveral instaDces where cows have been tested at 
home and at thofairs they have Bhown the milk to be much 
richer at the fair than when at home. For instance, the 
Jersey cow Dear Keepsake, tested at the Portage fair in 
September, 1890, gave 11 pounds of milk that tested 10.7 per 
cent, of fat, the next milking she gave only 8.06 pounds of 
milk which tested 7 per cent, of fat. 

At the Baraboo fair the erad^ Jersey, Daisy, owned by 
Hon. J. M. True, gave a high test. Mr. True's place ad- 
joined the fair grounds and the cow was kept in her usual 
quarters at night but on the fair grounds during the day. 
The details of this test are given in table six. 



Table VI.- Test of Mr. True's Cow, Daisy, at Baraboo Fair. 
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8p. m 








Tolal fordaj 







It will be noticed that the highest per cent, of fat was in 
the evening after the excitement of the day on the fair 
grounds, while the lower percentage followed the quiet 
night condition. The interval between milkiugs were 
equal. The next week the cow was tested for seven days 
at home, the details of which are given in table seven. 
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noticed that at no time during the home test did 
ntain as high a per cent, of fat as at the fair, al- 
quantity of milk was about the same in both 
I yield of fat during the week's test at home was 
s; if she had given milk which averaged as rich 
at the fair showed, she would have yielded 17.22 
:at during the week. 

to obtain a photograph of this cow with her 
inded, she was turned out of the barn on the 
terthe test was completed without being milked; 

had been milked at ti o'clock. The cow seemed 
ied over this irregular treatment, and after she 

of the barn she was considerably excited over 
rated from the other animals in order that the 
i might be taken. It was after 9 o'clock when 
Lven into the barn and milked; she gave 28.25 
tnilk at this milking, which tested 6.33 per cent, 
ras more than 1 per cent, higher than any test 
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which Bbe had madd during the week, and nearly as hifth 
as her test at the fair. It is probable that the excitement 
caused by the fair and by the irregular treatment when the 
photograph was taken caused these high tests. 

The value of a cow depends largely upon her being a 
persistent milker. Some cows yield a large quantity of but- 
ter fat for a short time and then rapidly fall off and perhaps 
remain dry for some months so they will scarcely pay for 
their keeping the whole year. 

Several instances of cows yielding large quantities of fat 
at advanced periods of lactation will be found in Table I. 
The most notable is that of Brown Bessie with a yield of 
1.51 pounds of fat after being milked 288 days. On this 
test she was selected for competition in the World's Fair 
dairy test where she won the sweepstake prize. During this 
test on her one hundred and eighty ninth day in milk she 
gave 2Ai pounds of fat. 

CONCLUSIONS. 

First, The quality of milk improves but little, if at all, as 
the cows grow older. 

Second. The same cow may show great variations in the 
quantity and quality of her milk from day to day. 

Third. There is not usually as much difference between 
tests at fairs and at home as is claimed, but cows may be 
become so fatigued that they will not do nearly their nor- 
mal work. 

Fourth. Excitement may increase the fat in milk as well 
as diminish it. 

Fifth. Individuality is a great factor in determining a 
cow's value. 

Sixth. No one breed can claim all the good cows. 
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THE EFFECT OF SALT UPON CHEESE. 



J. W. DECKER. 



following experiments were undertaken to determine 
Eect of salt upon the texture and quality of cheese, 
first experiment 31.5 lbs. of curd was divided into 
equal portions; to l^o. 1 no salt was added, while Nos. 
3 were salted at the rate of 1.5 lbs. and 3 lbs. of salt 
H) lbs. of curd, respectively. The weight of green 
i from each of these lots was: No. 1, 10 lbs.; No. 2, 
)s., and No. 3, 9.6 lbs. The analyses which follow 
that this difference is due to a more thorough expul- 
E moisture from the salted curda. Wheu four weeks 
9se cheese were cut and samples examined. At this 
To. 1, containing no salt, was bulged at the ends and 
ned numerous gas reservoirs. It had a sweetish 
md a pasty texture; No. 2 was slightly bulged at the 
ind contained but few holes which were smaller than 
in No. 1. It also had a much better flavor and text* 
lan No, 1, but was a little too weak bodied. No. 3 
very fine, slow curing cheese; it was not bulged at 
i contained no holes; its flavor and texture were per- 
ilthougb it was not as f P:r advanced as the others, 
jper row in the accompanying illustration (Fig. 24) 
i the appearance of a section through the middle of 
cheese when cut. 
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—ESeM. ol salt m 



leese. No. 1. no ulc: No. % ]U lbs. ol 
p«r 100 lbs. ot curd; No. a, 8 Iba o( snlc 



At this time partial analyses were made of these cheese 
with the results given in the following table: 



Table L— Showing effect of lalt upon eompoHtion of cheese. 
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The analyses show that the cheese from the salted curds 
contained less moisture than that from the unsalted, the dif- 
ference being sufficient to account for the difference in 
yield. They also show that the cheese contained prac- 
tically no salt except what was added, the salt originally 
in the milk being mostly tost in the whey. The salt re- 
tained by the cheese is not proportional to the amount 
added to the curd. 

Another experiment made in the same way, except that 
No. 2 was salted at the rate of 3 lbs. instead of 1.5 lbs. per 
100 lbs. of curd gave practically the same results. The ap- 
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pearance of the second lot of cheese U shown in the lower 
row of the illuBtration. 

Determinations of the ash and salt in the second lot of 
cheese and in the milk from which they were made are 
given in the following table: 

Table II. — Showing aih and salt in milk and cheese. 
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It will be seen that aside from the salt the per cent, of 
ash in the cheese is nearly constant and coincides closely 
with that found in the first experiment. 

At my suggestion Mr. U. S. Baer, a former student in 
this school, conducted experiments by dividing curds and 
salting them at rates from 2.25 to 3 lbs, per 100 lbs. of curd. 
In every case the judgment of the buyer was that the last 
lot was best, both in texture and flavor. 

As a result of our experiments we conclude: 

1. Only a trace of the salt orit^nally in the milk is retained 
by the cheese. 

2. Salt applied to curd diminishes the yield of cheese by 
expelling moisture. 

3. Increasing the amount of salt makes the cheese cure 
more slowly, and up to about 3 lbs. of salt per 100 lbs. of 
curd cheese of better texture and flavor are obtained. 
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THE FA'l GLOBULES IN COWS' MILK. 



F. W. WOLL. 

Through the courtesy of the committee in charge 
dairy tests at the World's Columbian Exposition i 
cago.during the summer of 189:j, the writer had the pi 
of making microscopic examination of the milk fr 
herds competing in the tests, as well as that from i 
ual cows. The work was done in the interval b 
August aeth, and October 18th, 1893. The results 
examination are given below; the data were obtaini 
the official samples, taken by the committee or tl 
thorized respresentatives. Samples of the mixed e 
and morning milk of the herd milks were examine 
for four consecutive days; composite samples for fi 
periods were examined in case of the milk from 
cows. In the latter case 50 cc. of milk was measu 
from the mixed evening and morning sample on fo 
secutive days, into a pint fruit jar, containing a li 
tassiun bichromate, and the number cf globules wa 
mined in the composite sample. Comparative 
nations showed that the results obtained by the two n 
agreed within the limits of the error of determinat 

The percentages of fat in the examples examine 
obtained from the chemist in charge of the analytic 
connected with the tests. Prof. E. H. Farrington, ai 
the official data. 

The animals in the tests were all thoroughbred, re( 
cattle, selected especially for these competitive trie 
herds in all parts of the United States, or Canac 
were thus thoroughly representative of the ref 
breeds. The results of the test will bear out the sti 
that most of the cows were excellent animals, and i 
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herds as a whole were a gatherinfc of dairy cows as has 
perhaps never before been seen anywhere. 

Id the following tables the more important data in con- 
nection with the special subject under discussion are given. 

Examinations of the herd milk were made in the second 
(the ninety day) breed test, while in the subsequent tests 
both the mixed herd milk emd the milk from the individual 
cows in the test were examined. The data will be discussed 
after all the tests have been given . 

Breed Test No. 3.— (Ninety day butter test.) 
From June Ist, to August 29th; seventy-four cows in the 
test, twenty-five each of the Jersey and Guernsey breeds, 
and twenty-four of the Short Horn breed. The microscopic 
examinations of the samples of the herd milk were made 
during the last four days of the test. The yield of milk, 
per cent, and yield of fat, average number of globules and 
their relative size were as given in the following table: 
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ATarage.. 


IBO 


e.o 


66S 


.8 


S43 


sa.ra 


194 


m 
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Breed Test No. 3. (Thirty day butter test.) 
From August 39th to September 38th; forty-five cows 
■were included in the test, fifteen of each of the herds com- 
peting in the preceding test. The cowe in this test were 
selected from those included in test No. 2, with the excep- 
tion of three Jerseys, five Guernseys and four Short Horns 
which had not been in any of the previous tests. Samples 
of the mixed herd milk from each herd were examined mi- 
croscopically during the first four and last four days of the 
test; the milk from the individual cows was examined in 
the same manner as the test progressed. The examination 
-of the milk gave the results given below: 



BrMd teat No. 3.- 


Aug. SO-Sept 


'i,and 


Sept. 25-28. 




Breed. 


Dote. 


calving 


,r. 


FU. 


TIeM of 


Colof 
cmm. 


BetMive 
size of 
globulea. 








IbE. 


perct. 


lbs. 






















1 






487.8 




W,87 


150 


807 


Jereeys i 

1 


Sept.1. . 




85! 


L 


Sept. 2... 




492.9 


4.9 


SS,9J 


1!9 


388 


Average 


SepLSS... 


13B 


466.8 


4 7r 


«,fl7 


iW 


M 


r 




433.1 


48 


J0,5e 


154 


SIS 


jereejB ^ 

1 


Sept. 28 .. 

Sept. a?,... 





148. fl 


6.4 


33. eo 
iM,e7 


1B5 


8» 


L 


Sept. S& ... 




45B.7 


GO 


89,43 


155 


323 






las" 


W.S 


4.es 


M.a. 


isT 












Aug. 80... 




445.T 


4.a 


18.63 


157 


m 








*M.» 


42 


]9.14 
30. 04 


181 




-GuerDsera 


Sept. 1. ... 




SK 




Sept. 3. ... 
Sepc. M... 


'-—- 


4«8,T 


4.4 


BO.a 


1« 


303 


Average 


19.ST 


IM 


»78 






488,6 


4.B 


19,!5 


174 


995 








43K.1 


4.e 


19.48 


157 






Sept. JT.... 








S33 




Sept. as 




459.5 


4.B 


SO.TB 


m 


367 


Average 




IM 


444,8 


4.48 


19.91 


176 


^ 
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—Aug. SO-Sept. 2, and Sept.2a-28.- Coatinued. 



>ed. 


„.. 


Av. No. 
oldsya 


yie 


I F.t. 


Yield 


Klobules 
In.OUOl 


Relative 
HlzeoT 








Ih 


1. Perct 


Ihs- 








Aug. 80.... 




628 


S 3.3 


n.na 


les 


199 








S8» 


a B.3 


iJ 


48 


184 




■* ^ 


Beptl.... 








Sept. S.... 
Sept. at .. 


~ir 


MS 


1 B.6 


18 

"is 


TB 


m 


2IS 


e 


836 


B 8.87 


163 


SIB 


f 




Bia 


1 s.a 


18 


™ 


leo 


189 


1 


Sept. !».... 
Sept. 21... 




S14 


3 !.I 


IS 
18 


86 
10 


IBO 


BOO 


1 


S6 




Sept. S» .. 




6SS 


3 36 


18 


S4 


14fl 


SB6 






145 


618 


B 3.68 






171 















Average of both delerminatUnu, 








of dajB 
from 


tsir 


yield. 


VM. 


fat. 


OlDbulea 

ID 0001 


RetotlTe 

BlZflOt 


ng 


ISl 


Tears. 

7,1 


4jB'^r 
«0.7 


Perct 
4.86 

4.88 


Lbe. 

19.74 
18. !B 


164 

IBS 


337 

SBT 
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Examinatitm of milk from individual eow)» on breed itat No. 8. 



Name of cow. 



Jeraeg COica. 

Ida Marigold, SaeiK 

Itllp Lenox. 3170^ . .. 
Brown Besste, 14997.... 
Bajda TMrd, 1IS17.. 
Baronew Argjlc. 40498. 
Flora Temple. 40086 .. 
Signal Queen. WSflg..... 



Exile's Lulu. 49981 
Hen? Maiden. ei9(( 
Cupid's Jerser IIalil.3fiU0 
Stoka Pogia ttegUia, 48301 



Hugo Comt«8B,.68 



Gvemeej/ Cow9. 



Aldine, mi 

DuohesB of Orleans 



Lad; of EllersUe, 4M8. 

Uarits 

Haterna, 13ft4 



Prlnceffl Aster, imp., 44S9 
Boeetta Fif til, 3690. 
Belrct Riebtti, 40S9 
Sweet Ada, 3»S.... 
VeBta'aTalencla.. 



Apr. 31 8ept.4-T 

Uar.lSAug. BO-Sept. S 
Apr SI Sept. 8-11 

ig. 30-BBpt. a 
Bept. 8-11 
8«pt. 8-11 

Sept. 12-16 
Jolj 29 Sept. la- 

Aug.lO Sept. l«-lfl 

Uar. 7 Sept. IA-19 

Apr. 17 ' Bept. I»-S3 



Mario 
Apr. 16 
July: 



Aug. IS 
Hay 13 



Sept. B-l: 
Sept. 8-1: 
Sept. 
Sept. 1 

Aug. SO-Sept. 

Sept. 16-1 
Sept. 16-1 
Sept. IB-J 
Aug. SO-Sept. 
Sept.BO-i(S 
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Examination of m\lk from individual c 



No. 


Name o( cow. 


X 


last" 
oalvl»g 


D»t«ot 
eiamiDBtion. 


pays 

Ing. 


yield 


Fat 


No, 

"1" 






Short Horn Cowi. 




1893. 


1893 




lbs. 


n 








Kitty Cl»r Fourih ;9, 553. 


9.5 


July 19 


Sept. 4-1 


49 


Be. 


S.83 


188 


1T2 




KIttj Ciay Third SO. 553 1 


■0.5 


Apr.« 


, »„...-, 


135 


43. 




83 


39 


8SS 




Kltly Clar Third fs, 563 f 


j Sept.80-aj 


151 


39. 








69* 








Aug. S 
Apr. 81 


Sept. J-7 
Sept. 8-11 
















Waterloo Date;, 1D3S5 


5. 




41. 




43 




158 




Fair Maid of Hiilb'l, BM7 


10.8 


May 85 


AUK. aO-Sept. 8 


99 


31. 




43 


98 


359 




Kitty Ciay FIf tb. 37, S72 1 


, 


July 6 


I Bept. 8-11 








13 


38 


1.095 




Klttj CUy FKth, 37, 878 f 




1 Sept.2^!3 


79 


38. 




80 


33 


1.000 






ss 


Apr.lU 


Sept, 8-11 


153 


27. 




» 


136 


31« 




LueyAoD, 35,885 


8.3 


Apr.s; 


Sept. 1^-15 


140 


26. 




EO 


m 


m 




Betsey Seventh 




Apr. S 


Sept. 12-15 


159 


81. 




70 


120 


309 




BellePfiee.3«.601 


10.2 


M»r. S 


Sept. 18-15 


197 


38. 




20 


880 


150 




Lady Brtglit. 3, 884 


lfl.4 


JuneU 


Sfpt. lfl-19 


99 


S5 




58 


38 


942 




S0!a.SS.:i* 


B,a 


Mar. a: 


Sept. ie-19 


17S 


89. 




41 


384 


188 




Nora 1 




Apr. 13 


Aug. EO-Sept. a 


141 


38, 




58 


b; 


827 




Nora \ 




Sept. ao-as 


IW 


34. 




78 


Bi 


S9<l 




Geaevieve, Jtr, SflO 


« 


Apr. 4 


Sept. lfl-19 


187 


31. 




43 


353 


97 




Bashful Second, sr,, 860. 1 
BasMulSecoDd, 9^,380. ) 


,. 


Mar. i; 


1 Sept. 85-28 


191 


3i. 




18 


38| 1,187 
W' 1,050 



Bbbhd Test No. 4. (Heifer Test.) 

From September 30th to October aofch, inclusive; sevea 
Jersey heifers and six Short Horn heifers were included in 
the test. The samples of milk from the two herds as well 
as from the individual cows in the test were examined dur- 
ing the first four days of the test. 



;cbyG00'7l 



AGRICnLTURAL ExPEBIMENT STATION. 
Breed Tett No. 4, October 1-4, 1893. 



Breed. 


Date. 


Av. No. 
dajB 
from 
calT- 
log. 


Av. 
ana of 


Milk 
jiBld. 


Fat. 


o( tat. 


No. ot 
Rlobulea 
in .0001 


ISI. 






dajB. 


rears. 


Ibfl. 

156.0 
IS6.4 
156,3 
IMS 


pr.cC. 
4.9 


r.TB 

TBO 
7.42 


185 
150 




Jereey 
a cows)... . 


Oct 2 






m 


0...... 






M8 












ATwage.,.. 


ee 


2.4 


168,7 


i.m 


7,56 


158 1 309 








1S4.0 


4.0 
40 


B.09 
498 


87 
81 






a 








(Bcows) .... 


Oct. 3... 
Oct. 4... 






6tS 
478 


Averige.... 


lOr I 2 9 


IM.fl 


4.03 


5.08 1 80 


604 





Examination of 


milk for individual « 


tr*. 






« 


Nome of DOW. 


Age. 


Date of 
cal'fSg. 


Mteor 

tlon. 


Days 

Ing. 


Aver, 
ylrfd. 


Fat. 


.mi" 


RelB- 

1H' 




J.r.^co«^. 


years 


1893 


isoa. 






pr. ct. 








Elturia, B0701 , 


8 


July 15 


Oct, 1-4 


80 


SO.fl 


4.40 


185 


!38 




CBmpanla.SMTf..,, 


8 


July ST 


Oct. 1-4 


«8 


*4.8 


4,23 


187 


2» 




IJlyO«rfleld.7BB18. 


a 


July U 


Oct. 1-4 


83 


M,9 


5.03 


148 


863 




Iol.F„85SJ9 


a 


July 13 


Oct, l-I 


8i 


an 


4,08 


148 


313 




Woodstock HrBUrj 


8 


Aug. IS 


Oct. 1-) 


41 


is.a 


5.65 


105 


SM 




Woodstock Ladr, 


, 


Aug, 15 


Oct. 1-4 


49 


SO.l 


4.40 


124 


864 




JeaiiBtte of Pitta- 


s 


Aug. i 


Oct. 1-1 


M 


aa,s 


4,85 


185 


348 




SkOTt Horn coi«>. 




















EitCr Cla;8[h 


^ 


April 5 


Oct. 1-4 


181 


14,8 


46« 


58 


813 




AgBleSod 


a 


July 1 


Oct. 1-4 


94 


S3. 1 


4.09 


47 


858 




UKaBenDlckeith., 


3 


Sept. la 


Oct. 1-4 


IS 


as 4 


3,83 


19 


1,932 




HDw Rennlck mb . 


a 


Sept. 18 


Oct, lS-18 


Si 


!?,« 


S,;^ 


84 


1.413 




ranBjWUi 


3 


Sept. 15 


Oct. 1-1 


18 


S4.8 


8.77 


85 


674 
























fleUe of Trowbridge 


a 


April 87 


Oct. 1-4 


IDH 


17,4 


450 


117 


388 
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DISCUSSION OP RHSLLTS. 

iTie data given in the preceding tables were obtained 
from 99 cows in all, and those of single determina- 
tion from 58 cows. The average determinations of the milk 
from the different herds have been calculated, and were as 
follows r 

SUMMARY OF RESULTS. 
Breed lest No. 2; examinations made Avg. 26-29, inclusive. 



Breed. 


»...,.„. 


Av. No- ot 
days from 
calving. 


No. uf grab 
uleelD 


".'£,- 


^ObxStB. 




as 


E 


1S6 


K90 
177 


mm 


Oueciise; 

Average .,, 


.OOBS 



Breed teat No. 3; examinations made Aug. 30,-Sept. 2, and Sept. 25-28 



Jersey 




m 


144 


SS! 


.0041S 


Guornwy 




IBl 


IM 


Xt 


.OCWM 


ShortHorn 


IB 


isa 


,68 


S14 


.rosB? 


Average 





13<i 


1ST 


S73 


.oosas 



Breed test No. i; examinations made Oct, 1-4, inclusive. 



Jerse/ 

ShortHorn .. 


- 
6 


6B 


z 


m 


.0M7B 






ar 


IIS 


407 










AvemgeforallbreedBaDdtNls 




ms 


IBT 


»8» 


.«OS»l 



Twelve new co ■* s were included in the test No. 3, and 
the number on the test decreased to 15 cows from 
each herd. In tests No. -i and 3 the average size of the 
globules in the milk from the different herds was largest 
with the Jerseys, the Guernseys coming nest and the Short 
Horns last. In the heifer test, on the other hand, the Short 
Horns had the larger average globules, in spite of the fact 
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that they were 41 days further advanced in the period of 
lactation than the Jersey heifers, which as has been pre- 
viously shown, would naturally bring a diminution in the 
size of the globules.' The average results for all herds and 
test? were 157 globules in .0001 cmm. and a relative size 
of 389, corresponding to an average diameter of .00391 
mm., the results having been obtained with cows 128 days 
in milk. 

' An examination of the results obtained with the sani- 
ples of milk from individual cows show nothing of partic- 
ular interest except in the case' of the Short Horn cows and 
heifers Kitty Clay 3rd and 5th, Nora Bashful 2nd and Miss 
Rennick, all of which had a remarkably low number of 
globules per cubic millimeter of milk and therefore also a 
high relative size of the globules. The explanation natur- 
ally suggesting itself was that the cows were feverish 
when the examinations were made,' but I am informed 
by the Superintendent of the Short Horn herd, Ool. H, H. 
Hinds, that the cows were perfectly normal at the time, 
and gave no indication of being sick, either from the 
amount of food eaten, milk flow or per cent, of fat in the 
milk. We must therefore conclude that individual cows 
may occasionally give ou an average only 19 globules per 
cubic millimeter of milk at the beginning of their lactation 
periods, the average relative size of the globules being 1983 
(= diameter of average sized globules .007-19 millimeter). 

The plan of examination followed in the investigation 
under discussion makes possible a check of the results 
obtained in the examination of herd milks and in that from 
individual cows. If we calculate the average data of the 
determinations of the globules in the milk for the individ- 
ual cows considering the quality of milk produced by each 
animal in e^h case, we have the following statement: 

'Wis. Experiment Sta. Report, VII, 240; Agricultural Science, VI, 
445-45.3. 
' Wis. Bs:pt. Sta. Report, VII, 246; AKricultural Selenoe, VI, 522. 
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ults are remarkably uniform and illustrate em- 
' the correctness of the Babcock method of enu- 
of fat globules in cow's milk. 

•ION OF MILK PBOM COWS IN THE UNIVEBSITT HBBD. 

:ro8copic examinations of the milk of cows in the 
y herd, begun in 188b and described in the Sixth 
ith Reports of this Station, were continued up to 
f of the present year (1894), mainly for the pur- 
udying the influence of advancing age on the size 
her of the fat globules in the milk of the cows, 
itigation was brought to a sudden end by the 
f tuberculosis in our herd, and the subsequent 

of all animals but two, and the results may there- 
sa decisive than would have been the case if data 
ger number of years could have been secured, 
age determinations for the individual cows are 
;he following tables and will illustrate the vari- 

the size of the globules as in the yield of milk 
lent, of fat at different stages of the lactation 
id during subsequent lactation periods. 
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Fat globules in cows' milk. 





AiBnuHHiHO cir Lioiation 
Periqd. 


AT Ebd of L*oi*tioh PiRion. 




No. 
ot 
glob. 


Beio- 


Yield 
rollV 


Fat. 


Daya 


Year. 


Na, 
gU.b. 


Balfl- 
Blze, 


M,,. 


Pat. 




Sglvia. 


181 

128 
1S» 

m 

108 
101 

sn 

118 

108 

as6 

IIS 

ai 

114 


801 
389 
176 

81- 
4S1 

ss 


Iba. 

19.90 

i9.e« 
ai.SB 

29.46 
M-W 

18.38 
85,88 

26.M 

BT.Si 
86.98 


pr.oD. 

4.9r 
4,08 

4.SI 

47E 
4.89 

a.8s 
4.8: 


12 

est 

19 

IB 

99 
19 


IBOO 


279 


IBS 


Iba. 
18,88 


pr.ct 
S,9T 


SM 






len 














Toptv- 


1889 
1990 


818 


169 
123 


14,65 
16,86 


4.89 
8,90 




JB89 


286 


Bettit. 
1888 


1890 

1890 
1801 
I8« 


880 
4B8 

424 
SC3 

929 


186 
116 

loe 


5,23 
8,66 

8,80 
8.74 

6.40 


e.ss 

6 41 

8,22 
8,25 
8.38 


m 


lew 




1889 




1890 


384 






Mattie. 


1890 
1891 


661 

246 


66 


i8,as 


368 




1B» 


m 
lee 

203 

189 
SOS 
171 


aio 

192 

s» 

261 


91. 9C 

99.9S 
98.26 
a4.2S 


B,fl7 
8,TB 


12 

la 

23 


166 






Beauty. 


,» 


™ 




10,09 


8,09 




1890 

IBM 


















SsMaB. 


18*0 
189 


so: 

314 


160 
10 


16,68 


7.13 
5.26 




1890 


108 


«0 


91.19 


4,62 


2] 
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.T Beoinhiko oi- Lactat 



AT THE End Ot LACTAnON FlBIDD. 



j,Gooi, 



AQBICDLTtTBiL EXPBRIMENT STATION. 
Fat globules in cows' mtlfc— Coutiaued. 





At Beoinhino of Laotjltion 


At thi End op LiCTiTiOH Pmiod. 


Ntiu. 


Mo. 
of 
glob. 

m 

SOS 
1B6 

lU 
101 

m 

sa 


Rala- 

170 

til 


MILIE. 

lbs. 

14-38 
IB.BI 
19.81 

so.ro 

27-08 


rat. 

pr.'cl 
1.14 


D»ys 

as 

It 

as 


Yew. 


No. 
slob. 


Rela- 

b1z& 


HUk. 


FM. 




MtbiOut. 


gj 


IbL 

4-08 


pr ot 




tew 


«» 


CkmiMp. 


1803 


BIB 


186 


10-80 


4.SS 








S<u. 


































D.oiliz.owGoOglc 



33ii Eleventh Annual Rbpobt of the 

Globules at different stages of the lactation period. — The 
followin^f table gives average data for the milk from the 
same cows at the beginning and at the end of the lactation 
period: 

Fat globules in cow»' milk. 





At BioiNBiso OF Lactjltion 


At Ekd op LidrriTjoH 


"'"-• 


No. of 

K 
A. 


No, 

S2; 


slie. 


Lbi. 
milk. 


Per 
fat.' 


Days 

from 
caly. 
ing. 


No. 


Bala 
aiiV 


Lb*. 


(at. 


I-ay. 

trom 
calv- 
ing. 


Bri»i» 

Topsy 

BUDD 


4-3 

S-! 

8-a 

S-* 
6-J 

1-a 

3-3 

4-i 

3-1 

4-a 

4-1 

8-S 
S-3 

S-1 


m 
iw 

m 

103 
lOS 

IM 

iia 
m 

15» 

lor 

118 
138 


m 

3M 

Wi 

230 
450 

32S 
423 
3Ki 

E 

417 
"178 


31 
IB 

to 

SB 
S» 

an 

sr 

23 


38 
40 
45 
BB 

78 
10 
3B 

4a 

88 
75 

80 


4,ra 

4.SB 
8.93 
t.K 
4.18 

4.10 

4.99 

4.BB 

BOi 
3.B» 

4.15 


n 

29 

36 

SO 

n 

IB 
15 

16 

13 

3* 

IS 


3M 
301 

see 

401 

8oe 

3S1 
SM 

3ri 
a» 

767 
SIS 
31 


18B 
1S8 

SO 

197 

141 
188 
115 
61 
136 
148 


IS 

7 
10 

6 
9 
IB 
13 
10 


SI 
39 

03 

16 

18 
87 
48 

6fl 

a 

(*8 
60 
34 


8.93 

8.38 

5.00 
6.75 

6.38 

6.St 

4.83 

3.77 

436 

4.98 


308 
384 

381 










Governor'a Heifer... 

Il«l«jM 

KOMttB 

Beaale M 

G.y 

AagglB 

Clothilda 

Melvlua 

Cowallp 

Besfilne 

Bryant 


396 
338 
3»9 
331 

388 

303 

87S 
354 


Averaga 


SB 


Si 


36 


149 


9-14 


4.8 


m 



The preceding table represents the average of 83 series 
of determinations of the milk from 19 different cows; we 
notice that the average number of globules per .0001 cmm. 
for all cows is, at the beginning of the lactation period, 138, 
and at its end 367; the average relative size of the globules 
is 348, and 149 for the beginning and the end of the lacta- 
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tion period, respectively; the latter figures correspond to a 
diameter of the average sized globules of .00419 and .00316 
millimeters, respectively. 

Breeds. — Nine high-grade or registered Jerseys, two reg- 
istered Holstein-Friesians and two registered Short Horns 
were included in the foregoing examinations. If the aver- 
age data for each of these breeds are calculated the results 
will be as shown below. 



Average data for breeds. 



o. No, of No. of 



Short Horn ,. .. 

Holstein Frieslan. , 

End of loctalion period. 
HolaIeln-trie»[an 



nniK 


H( of lactal 


on period. 








2i 


lar me 


SSM 


4-7* 




6 


150 ai7 


18.W 


4,S) 




^ 


isr ssa 


38,81 


8,80 



Age of cows. — The milk of six cows was examined at the 
beginning of four consecutive lactation periods, that of 
twelve cows at the beginning of three periods and that of 
sixteen at the beginning of two consecutive periods. At 
the end of the lactation periods we have a series of three 
years for two rows and one of two years for eleven cows. 
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The foIlowinK table gives the data for the i 
tioned: 





. L^,™« 


PlRlOB. 


AtFji 


D OP LiCTiTlOS PkKIOD. 




Tear. 


No. 
etoh. 


Relfl 


Milk, 


FM. 1 Day 


Year. 


No. 
elob. 


Rela 


Milk 
lbs. 


FBI. 

per 


milk. 


Firet 

Segoad 

Third 

Fourth 

BTret 

Second .... 
Third 

Flret 

Second 


108 

131 
Thret 

15S 
I3T 


405 
yean 

339 


lii.se 4.3a 13 

36.75' 4.!S(»I K 
eriet. 
?3,85 4.38 31 
24.17 4 Bfl . 15 

"■". '"I " 

85 63 4.ajl 16 


Three year serie>. 

First, 311 1791 fl.TJ 4 66] 30* 

Second . . 36» 119 18.14 4,K 3SI 



The study of the preceding table will fail to disclose any 
striking difference as to the influence of advancing age on 
the fat globules in milk; the tendency seems to be to- 
wards fewer globules and a somewhat larger size with in- 
creasing age at the beginning of the period of lactation, 
and at its end the opposite seems to hold true; the differ- 
ences found are, however, not very marked. 

The results of the examination of the milk from the cows 
in the Columbian Breed Tests given in the preceding have 
been carefully studied with reference to the point under 
discussion. If the cows in the different breeds included in 
the third and fourth breed tests be separated into three 
groups according to age, three series of comparisons are at 
band, as will be seen in the following table: 
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THE NUMBER OF INCHES OF WATER REQUIRED FOR 
A TON OF DRY MATTER IN WISCONSIN. 



F. H. KING. 
WATEE USED BY THE POTATO. 

The past season's experiments were made aiming to meas- 
ure the amount of water required to produce a crop of po- 
tatoes at the Station farm. The method adopted was 
nearly the same as that which has been used for other 
trials of a similar character already described in the Sta- 
tio nreports; the important difference being in the mode of 
applying the water and in not allowing any rain to fall 
upon the plants during the season. 

The galvanized iron cylinders used, eight in number, 
were 18 inches in diameter and i2 inches deep, and two of 
these were placed in pits in the potato field with their tops 
flusn with the top of the soil while the other six stood 
wholly above ground with their south side screened from 
the sun by a panel of boards. To keep off the rain, shel- 
ters of heavy ducking were made which could be rolled 
up daring the day and put down at night and dur- 
ing periods of rain and this provision was made partly to 
avoid errors which might arise from irregularities in the 
amounts of catch of rain, but chiefly because it was pro- 
posed to see if potatoes would develop normally without the 
application of water to the surface. 

The method of watering adopted was to set up within 
each cylinder a column of 3 inch drain tile close against 
one side and to add water by pouring it into this tube from 
time to time as needed, taking care always to add no 
larger quantity at a time than would raise the water in the 
tile 6 inches above the bottom. All the water these pota- 
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toes received was therefore procured through capillarity 
aud root action from a depth equal to, or exceeding three 
feet. The two cylinders in the potato field were filled with 
Boil taken from the same locality aod contained the normal 
moieture of the time and place. The other six cylinders 
had bden'fiUed the year before and used in an experiment 
to study the effect of potasBium Nitrate on the rise of water 
in soil by capillarity and its evaporation from the surface, 
and in these the upper 10 inches were simply removed and 
replaced so as to develop such looseness of texture as re- 
sults from plowing. Cylinders 1, 2 and 3 had received 
each 5.333 gms. of Potassium nitrate the spring before and 
the same amount was added at the time of planting, while 
the soil of the other three cylinders had received no dress- 
ing in 1893 and were given none at the time of planting. 

The, variety of potato grown in all of these trials was the 
Alexander's Prolific, and large tubers were selected as 
nearly uniform in size as could be found and one planted 
in each cylinder, each potato being cut in two and one half 
planted each side of the center about 13 inches apart, the 
planting taking place May 15. The following table gives 
the weights of the cylinders and the amounts and dates of 
watering: 

Table shoreing ths Kme of wateriag potatoes and amounts added. 





In Fiki4>. 




CVMN.™^ 






D.T.. 


No. 1. 


No. a. 


No. 1. 


No. a. 


No. a. 


No. 4, 


»o... 


NO. 6, 




S04.0 


BM.7 


581.0 
19.8 


18.4 


i8,a 


7s 


17,9 


















10.0 


10,0 


577,9 


574.0 


678,1 


678.0 


5T8,1 






















June 18 


10,0 


10,0 


B80,7 


559.8 


583.0 


669,4 


657,4 


682,1 






JunoSl 


496,0 


407.0 
13.0 


5582 


Too 


658,1 


663,0 


6S2.3 


656,8 








mo 


601,4 


«8,0 


il54.4 


650,6 


654,S 


5541 














487.1 
10,0 


4S4,4 


M7.0 


54*.8 


646.7 


612.3 


54S.5 




Water added 
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Table ihowing the time of watering potatoes and amounts added.— Con. 





— 


Cn-iKDiuis iBovB Obodnd. 




[Jo, 1. 


No. 3. 


No 1. 


No. 2. 


Mo, 3. 


.... 


No. 6. 


No. 8, 




















added 


lO.O 
4S4.S 

ia,o 


4lte,B 
IB.O 


in.O 


10 


10 


10.0 
5*0,7 
10 


10,0 


10 








10.0 


10.0 


5*8.0 


643,6 
10.0 




W«t«r added 


10.0 


J"lj» 


BOO 
20.0 


20.0 
477.2 
20.0 

15 


10.0 


10.0 


648,6 


"I 


10 


M4.4. 




IS.O 


13.0 


648,1 


688,2 






Water added 


13.0 ! 13.0 


Julyie 

Water added 


«5 4 


5«.7 


638.7 
10 


S49,4 


688,1 


543.4 ; 513.1 




«5.) 


477-8 


51fi.4 


63B,4 


548 8 


636.8 












July Si 

Water added 


479,1 


4S03 
10.0 


WW.fl 


BJ9.6 


5S4,a 


63B3 
10,6 


548,1 1 645,9 
13.6 6,0 


JulySS 

Wafer added 


47S.0 




651.0 


1S,0 


547.0 


685,2 


16,0 ! 1B,0 


Aug.S 

Water added 


10.0 


10 


10.0 


":: 


5*9.2 


10,0 


10,0 ! 10 




476 2 


VO.O 


551.6 


534.0 


S4I,6 


BTO.B 




Water added 


15.1 1 21,7 




4fffi t 


4B8.2 


551.5 


5W,1 


517 4 


"^0 




Wale 












AuR-ra 


431,7 


493.0 




5S.S 


538.6 


5-33.3 


50O 4 639.8 














554.0 


527,8 


631 -e 


Bi8,8 










Soilwater 

Drjmacter. 


,5 .S 


168.6 

27 

.3 


"'■: 


184.3 
4B.0 


».: 


177,9 190,1 
.4J -6 


Total water 


2S0.S «18,2| .85.9 1 240,« 


23i 8 1 387.0 





The potatoes in the two field-cylinders matured first and 
were dug August 35, while the others remained until Sep- 
tember 21; but all of them, including those of the field in 
which the experiment was conducted, were very evidently 
injured by a blight. Only in cylinder No.. 2 of the field 
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trial were the tops entirely dead when the potatoes were 
du(f. 

The following table gives the weight of tubers produced 
in each case and the computed yield per acre: 

Cylinder! in tfi€ ground. 





w.,aH,orT.>«». 


Yield i>eb i.ci.t. 




tibl™" 


s™»^ 


,0... 


"tTbfr- 


^mall. 


Total 




i.soa 


.888 


11194 
l.BSS 


587.8 
339.8 


m.> 


»... 









Cylinders above ground. 



.4S» 


.889 


.991 


IM.B 


Sl.G 


407. 


.37» 


.7911 


i.m 


155 7 


8S6.S 


481. 


.8« 


.m 


1.197 


m.4 


889. S 


491. 


.OH* 


.an 


1.838 


480,6 


1SS.9 


849. 


sm 


.m 


1.091 


391. S 


188.9 


44S. 


Ml 


.438 


1.118 


8789 


ITS.B 


4!i8. 



The yield oC dry matter was determined in each of these 
cases and for the cylinders above ground for the tops and 
tubers separately, The total dry matter and the relative 
amounts of water used are embodied in the table below; 





Table showing the an 


oiintsof water used by the potato 






Dry matter 


pound of 
dry matter 


DrymMfer 

per HITB. 


d.?^m«t;^ 


Tolal wa- 






'"^SIS 


Iba. 


19 

I! 
IB 


Z 
310 
370 
370 


3,68 
4.05 


""^m'os 


No 






6S6S 

8007 

6020 
3598 
5145 


416 

480 

458 


9 


113.74 








No 
No 
No 




a.7B 
87.08 
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dent enough from this table whatever may be said 
the yields of dry matter, that the potatoes did 
■ large amount of water, in fact a quantity three 
Eimount of the rain which fell during their period 
and since the surface of the ground was kept dry 
le whole season very much the larger proportioc 
er must have passed through the vines and only 
rt could have been lost through the soil directly, 
nts of water used in proportion to the dry matter 
must be held, for the present at least, as likely to 
h because the blighting of the leaves may fairly 
td to have diminished the production of dry mat' 
ill be much safer to use the figures derived from 
'linders standing in the ground in the potato field 
ing the amount of water a field crop may be ex- 
jse and yet these mast be held as probably too 

of dry matter in the top to that in the tubers was, 
: cylinders above ground, as 211 to 237, so that th© 

1 of a crop of 200 bushels means the growing of 
I 4,500 pounds of dry matter and this would require 
an rate of the first two cases in the table above 
s of water properly distributed and well utilized, 
e of such crops as the famous one of the late J. M, 
are he took 1,734 bushels from four acres of ground 
it of water needed,' if used at the above rate, 
about 18,5 inches, and this is not beyond the pos- 
if natural supply in very favorable seasons and 
Ful saving. 

■e seen that the average computed yield per acre 
he table on page 243 is, for the plants in the cylin- 
ground, 436 bushels of merchantable potatoes and 
,8 as the total yield, but the two hills grew on only 
t. Had this seed been planted 30 in. one way by 
other, the yield per acre with no better growth, 
e been 238 bushels, and this means that these hills 
IS good as the average in the field of Mr. Smith, 
d trial this year where a portion of the field was 
and another portion not, as described on page 258 
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the same variety of potatoes were planted 30 in. one way 
and 15 in. the other, producing the j ields jfiven belo w : 



SnarAOE Iruoatcd. 




Sdb-ibrioxtui. 


iwse. 


BmalL 


TotaL 


801 


Small. 


■m^. 


Laige. 


Small. 


Total. 


iiT.r 


„.. 


S8 


ea.t 


107.0 


1!.S 


„.,. 



The amount of water used in these cases, counting sim- 
ply that added and the rainfall, was, for the surface irri- 
gated land, 16.76 in., for the not irrigated, 8.16 in., and for 
the suh- irrigated, ^1.87 in. 

In another trial, under the conditions described on page 
257, the sub-irrigated yield was i59.8 bushels, while that not 
irrigated was only 33.5 bushels per acre. 

It is plainly evident from these field trials that the water 
added had a very beneficial effect upon the crop, the sur- 
face irrigated yield being 51.7 per cent, greater than that 
on the not irrigated check plots, and the sub irrigated yield 
34.2 per cent, greater; while on the gravelly knoll the wa- 
tered area gave 108.4 per cent, more than did its control 
plot, and the experiments serve to indicate that when the 
large water resources which are now running to waste 
through oxu- extensive potato lands become to be utilized 
by methods of irrigation, as they evidently will be some 
time, much larger and more certain returns from these lands 
will be realized than are now possible. They also indicate 
that such careful and thorough cultivation of lands not ir- 
rigated as will conserve so much of the natural water sup- 
ply as is possible must tend to diminish the ravages of 
blight and of insect enemies. 

It appears not a little strange that the three cylinders to 
which the potassium nitrate had been applied gave no evi- 
dence of having profited by its use. Indeed, the yields 
were actually less than the figures given below indicate: 
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Table thowing the amount of dry matter produced hy the potatoes in the 
six cylinders above ground. 



Foiiaaam Nitbatb. 




No NlTKili;. 






Tubers. 


Top. 




TubCTB. 


Top. 






gm^ 


gWB. 






^ 


*»* 


No. 1.. 






71.1 


No. 4 ... 




m,a 


II5.G 


Ho. a . 




9».l 


IBS.O 


No B . . 




w.a 


le.i 






K.e 


lOTO 






IM.4 












801,8 




__ 







It may perhaps be urged tbat since the soil in theae cyl- 
inders was fallow the season before they may be assumed 
to have developed an over abundance of nitrates so that no 
advantage should be expected from the nitrogen added but 
so far as the potash is concerned the remark could hardly 
apply with the same force, especially in view of the large 
demand made upon the soil. It will also be seen ihat the 
the amount of water required for a pound of dry matter 
was greater in the soil treated with the potassium nitrate 
than in the other case although the total evaporation was 
31 pounds less from the three nitrate cylinders than it was 
from the other three. It cannot therefore, he said that the 
soil richest in nitrogen and potash increased the productive- 
ness of the water used. 



WATER USED BY OATS, 

In four cylinders similar to those used in the potato ex- 
periment, oats were grown, the cylinders standing in pits 
with their tops flush with the surface of the ground and in 
a field of oats. They stood in two pairs and to the surface 
of No. 1 in each set land plaster was applied at the rate o f 
200 lbs. to the acre, the object being to see if the lime sul - 
phate^ to any measurable extent, affected the amount of 
water used. 

In these cases, too, as with the potatoes, all rain was ex- 
cluded and water was applied only at the bottom through 
columns of 3 inch tile as already described. 
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In the foUowiDff taUe are giv^i the amounts of dry mat- 
ter produced and of water used tof^her with the results 
obtained in previous years: 

Table shotaing the amoimt of water vaed by oats. 





Wat*r 


.^. 


Water per 

lb. of dry 


Dry 
malter per 


Acre-lD. of 
water per 

*^a?ter 


■Total 

water lusd. 


1891. 

Mo. a. 

18K. 

Ho. 1 


pDundB. 

i74,a 

282,8 

283.8 
286. S 


.4«U 
.4471 

.mi 

.4198 


Poimda. 

m.t 

B)0-B 
MS. 7 
874.9 


pjupda. 

8,981 

8.18» 

19,900 

10,850 
11,600 


Inqhai. 
4.444 

4,640 

4,770 

4,789 
S,96fl 


19.89 



















It will be seen from this table that while the total yield 
of dry matter was much larger in 1894 than in the other 
two years, the amount of water used was also relatively 
higher, the three trials of 1891 and 1893 averaging 509.5 lbs. 
of water for one pound of dry matter, while the average 
for the four cases in 1894 is 593.2 pounds of water to one 
of dry matter; the general average of the seven trials be- 
ing 557.3 pounds to one. 

The cylinders in which the oats were grown were 
weighed several times after the crop had been removed to 
learn how rapidly the water might pass away from the 
naked soil. To avoid any action of the roots through the 
stubble, these were pulled. It was found that during an 
interval of 23 days from Aug. 2 to 25, the total evaporation 
from each cylinder was 1.3, .9, 1. and 1. lbs respectively, 
from which it is evident that nearly all of the water left 
these cylinders through the plants growiug in them. If it 
be assumed that water was lost through the soil during the 
growing period at a mean rate equal to that which was 
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observed after the crop was removed, the amount lost in 
mer would be 4.33 lbs. for each cylinder, which 
Bcrease the amounts of water per pound of dry 
iven in the table by about 10 pounds in each case 

observations regarding the consumption of water 
it plant serve to emphasize the point which has 
ed before regarding the extreme drying of the soil 
rop, thus making a catch of clover more difficult 
uring dry seasons. 

put in condensed form all the observations 
this Station regarding the amount of water re- 
)r a pound of dry matter, we shall have the results 
the table below: 

ing the amotinl of water required for a pound dry matter in 

Wisconsin. 



t be understood in considering these results that 
ly to trials made under conditions where none of 
r used could be lost by percolation and that in ir- 
very open soils, more water would be required 
ipUed in small quantities at a time. 
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FIELD EXPERIMENTS ON THE PERCOLATION OF 
WATER AS RELATED TO IRRIGATION. 



F. H. KING. 



In the development of methods of irrijfation for humid 
and semi humid climates it is needful that more should be 
known regarding the rate of movement of water down- 
vrard. laterally and upward both hj percolation and by cap- 
illarity, and to this end experiments have been conducted 
during the past two year* aiming to throw additional light 
upon this subject, 

OBSERVATIONS ON THE RATE OP PERCOLATION OP WATER 
PROM A SYSTEM OF TILE DRAINS. 

We have at the Station farm a system of tile drains cov- 
ering an area of about five acres, in which the total meas- 
ured length of tile is 7,033 feet, distributed in the manner 
indicated in Fig. 25. 

These tile are laid at a mean depth of about four feet in a 
6oil which consists of 6 to 8 inches of a medium clay loam at 
the surface, followed by 2.5 to 3 feet of clay, and below this 
a rather coarse sand in the upper portion of which the tile 
are laid. In the solid square shown io thefiRure the lines 
of tile are 33 feet apart, but the laterals leading into the 
main extending from A to the lake have a greater distance. 
Advantage has been taken of this system of tile drains to 
study the rate of percolation and of capillary movement of 
water uader field conditions in the soils of this area. 

The first experiment was begun on August 2d, 1893, at 
which time a small rotary pump, having a capacity of 
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about 100 gals, per minute, was coanected with the outlet of 
the drainage Bjstem at the lake, which is terminated by a 
16 foot length of ti incb steam pipe. 




».-Khowing. 



draiDsused la tbe Ptudy ot 



Held peTCulaliuD. 

After pumping 33 hours during portions of four consecu- 
tive days it became evident that the rate at which water 
could leave the lines of tile and percolate laterally and ver- 
tically through the soil was much slower than had been 
anticipated, and also that it was possible with this small 
pump to hold the water at a level in the silt well A within 
one foot of the surface of the ground, and this too when the 
water was setting back into and percolating from nearly the 
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whole system of 7,0i2 feet of drain tile. On account of the 
rise in the ground the most distant portions of the drains 
leading into the silt well ■ A are only a little below the top 
of the ground at the well so that at the time of this pump- 
ing but little water reached the more distant portions of 
these tile, and hence the percolation was chiefly conSaed to 
the lower two-thirds of the drains in the solid square. 

To ascertain the extent to which the water moved later- 
ally from the drains two methods of observation were 
adopted as follows: 

Systems of 4 inch auger holes were put down at varying 
distances from the lines of tile and in different portions of 
the area under experiment in which the bight of the ground 
water could be determined by direct measurement. The 
second method consisted in taking samples of soil in one- 
foot sections to a depth of four feet along lines parallel with 
but at different distances from the drains and then deter- 
mining the amount of water these samples contained when 
taken before and after the close of the experiment. 

Through the systems of auger holes and twelve perma- 
nent wells, situated both within the area under experi- 
ment and outside of it, it was learned that water forced 
into the tile drains actod by direct hydrostatic pressure 
upon the ground water, causing this to rise through the 
soil and tend ultimately to stand on a lev^l with that at 
which the surface was held in the silt well at A. The water 
rose most rapidly and highest near the lines of tile and in 
those portions of the field whero the tile were lowest. After 
the pumping stopped the water would fall in the silt well, 
but continue to rise in the ground where the water was 
lower until the surface of the ground- water had attained 
a nearly horizontal attitude on a higher plane than that 
held by the lowest portion at the time pumping began. 

Through the sampling of the soil it was learned that dur- 
ing the eight days following this first experiment, the out- 
let of the drain having been kept closed, the water content 
of the soil changed as indicated in the table below: 
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Above two tin«» of tUe— 

The lurtkce loot lost 2. 1 per cent 

The Beooud foot gklned 1.1 per ceot 

The third toot B"ined ■. S4pero«iI 

The fourth foot galQBd a.4percaDt 

Eight feet from the tteo line» of tile — 

The Burfftce foot lost Spercenfc 

The Beoond foot galaed 1.3 percent 

The thtrd foot gained 4 1 per cent 

The fourth foot g«lned I.lperceut 

Sixteen feet from two littes of tiU— 

Tbeiurface foot loet l.Sper ceat 

The second foot lost ... .Bperoent 

The thira foot gained S.Spercent 

The fourth foot gahied ., .3perceiit 

The samples from which these results were determined 
were each composites of five taken at equal intervals along 
lines above and between the twolateral drains lying just to 
the southeast of silt well A. 

As there had been no rain during this interval and as a 
crop of clover was growing upon the ground at the time it 
is evident that considerable water had been given to the 
fourth, third and second feet of soil, not only above but 
midway between these lines of tile and, it is also more than 
probable that a not inconsiderable amount must have 
reached the surface foot as well. 

A second experiment performed in 1893 consisted in shut- 
ting off the silt well A and the lines of tile leading into it 
and thus confining the water pumped from the lake to the 
755 feet of tile between this point and the outlet. 

After pumping continuously during eight hours on Oct- 
ober 11 and then three hours ten minutes the next morning 
it was found that the whole area covered by the heavy shad- 
ing in Fig. 25 had become thoroughly wet to the surface, 
in many places the water even standing upon the ground, 
and that the lighter area was saturated to within 12 to 14 
inches of the surface. While the pumping was going on 
the water was held in a standpipe at the silt well at a bight 
of about one foot above the level of the surface of the 
ground into which the water was percolating, and the ex- 
periment served to demonstrate that under certain condi- 
tions it would be possible to completely saturate a tile 
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drained field by pumping water through the main, allow- 
ing it to set back into the laterals and rise by hydrostatic 
pressure and capillarity to the surface. 

The amount of water pumped into the tile drains during 
these two experiments could not be measured with any 
trustworthy accuracy, but the present season the experi- 
ments have been repeated with a larger pump lifting water 
into a reservoir at B, Fig. 25, 40 feet in diameter and nearly 
two feet deep, from which water could be conveyed to tha 
silt well A through a 5 inch sewer pipe laid just below the 
surface, and thus a more definite idea of the quantity of 
water used, be gained. 

The first trial with these arrangements was made on July 
11, and at this time the water was admitted only to the tile 
in the solid square, those between the silt well A and the 
lake having been shiit off by means of a plug screwed into 
an elbow placed upon a :iO-foot length of steam pipe form- 
ing the first portion of the main leading away from the well 
toward the lake. 

To measure the water admitted to the system the reser- 
voir was first nearly filled and the time required to lower 
the level of the water in the reservoir two inches was noted, 
from which the rate of discparge became known. The out- 
let of the reservoir was again closed and the pump started. 
When the water in the reservoir had been raised one inch, 
or to the mean height through which it had fallen, the plug 
was withdrawn and the rate of pumping controlled so as to 
hold the level of the water in the reservoir constant; and 
under these conditions the rate of discharge has been as- 
sumed uniform, and the amount of water delivered to the 
field obtained by multiplying the rate of discharge by the 
time. 

The amount of water admitted to the system of tile drains 
on this day was computed to be 11,743 cu, ft., the pump 
stopping at 3 :S5 p. m., and the reservoir being allowed to 
empty itself after that. While this water was running the 
level of water in the silt well A was held at the top and 
about one foot above the surface of the ground at that 
place. 
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Samples of soil were taken before pumping began and 
again July 13 midway between the two lower lines of tile in a 
field of corn to the southwest of the silt well, and the results 
showed that the surface two feet at this time contained 
1.35 lbs. and the second two feet 8.18 lbs. more water 
than when pumping began, or a gain of 9.53 lbs. per sq. ft., 
which is equivalent to 1,83 inches. This amount of water 
was not, of course, given to the whole area covered by the 
dtainage system because on account of the slope of the 
land mobt of the water was confined to the lower half. 
Water enough was pumped to cover the whole field to a 
depth of about .0 inches had it been uniformly distributed. 

On July 25 water was again admitted to this system dur- 
ing 10.5 hours at an estimated mean rate of 1,810.63 cu. ft. 
per hour, thus making ihe total amount 19,013 35 cu. ft., or 
l.ii inches for the whole area of tile system. On July ao 
the mouth of the main drain at the lake was closed and 
water admitted only to that portion of the tile between the 
silt well and the outlet, beginning at 8:35 a. m. It was 
very soon found that these tile could not take the water as 
rapidly as it was being delivered, and the line leading to 
the three north and south laterals on the west side was 
opened, hut the well soon overflowed and the plug was 
then withdrawn from the south main leading into the silt 
well. With this open the water fell at first, but at 11 a. m. 
it again stood within 2.5 iu. of the top and the surface of 
the ground began to show wet along the main leading to 
the lake. The pump was stopped for dinner, started again 
at 1 p. m. and at 2 the well was full. At this time the 
water was admitted to the east inlet, and from now uotil 
6 p. m. water was carried to the whole system of 7,0^2 feet 
of tile, the mean flow being at the rate of 49.G7 cu. ft. per 
minute, which makes a rate of percolation amounting to 
5 gals, from each lOu feet of tile per minute. 

The total water admitted to the area during the day was 
26,018 cubic feet, and during the two days 45,030 cubic feet. 
At night the surface of the ground was wet along all the 
tile below the silt well for a width of about 8 feet, and on 
the evening of July 27th, 56.5 hours after pumping began, 
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the level of the grouod water had changed the amounts in- 
dicated below as shown by measurements of the wells be- 
fore pumping began and at the time stated above: 
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The positions yf these wells is indicated by number in 
Fig. i5. It is not possible to give exact limits to the area 
over which the ground-water was raised, but it could not 
have been less than 7 acres and over the area limited by the 
tile drains, which is five acres, the mean elevation of the 
water-table must have been as much as 8 inches. The 
amount of water pumped into the drains, if applied to the 
surface of 6 acres, would cover it to a depth of 2.07 inches. 

It was shown in the Sixth Annual Report of this Station, 
p. 198, that the capacity for water of the 3rd ani 4th feet 
of undisturbed soil near well 28 when lying below the water 
table was .5 inches more than when lying one foot above 
the water table, and if we suppose these two feet of soil to 
have been fully capillarily saturated the water^added was 
sufficient to raise the level much more than 8 inches, the ob- 
served amount. If the third foot were only 75 per cent, 
capillarily saturated and the fourth foot fully so then the 
■water added should be sufficient to raise the water-table 
more than 2 feet. If we suppose the third and fourth feet 
each 75.0 per cent, saturated the water added will still be 
sufficient to raise the water-table considerably more than 
a foot over the whole five acres. It is not strange, therefore, 
that so small an amount of water should have affected the 
water-table to the observed extent over so large an area, 
and it follows further and without such direct observations 
as have been recorded above, either that a large capillary 
rise of water into the dryer soil above must have taken 
place or else there roust have been a large under flow of 
vrater out of and beyond the limits of the field under experi- 
ment. We do know from direct observation that portions 
of this water did even reach the surface, and that much of 
it entered the second foot over fully two acres of ground. 
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On September 6, after the crops had been removed, an- 
other trial was begun, the object being to ascertain how 
long and how much water would be required to saturate the 
soil of the tile-drained area. There were consumed in 
actual pumping durins: the trial 3^.5 hours and water was 
discharging into the silt well 36.5 hours. The pumping began 
at 3:45 p. m, September 6, and closed 5;45 p. m,, September 
1 1, Sunday intervening. During this time there was pumped 
105,272 cubic feet of water, enough to cover 5 acres 5.8- 
inches deep. The amounts of water pumped on the respec- 
tive days are as follows: 

BepC fl B,l"3 oobtoroet. 

Sept T £4.190 cublcfeet. 

Sept, 8... 36,990 cuUofeet 

Sept. 10 iO,lM cuUoreet. 

Sept. II IS, T»S cubic feet. 

Total ll)J,a72 cubic feet. 

The mean rate of percolation from this drainage system 
into the soil was: 

i5^-_= 48.07 cubic feet 
60x36.5 

per minute or about 5 gals, for each 100 feet of tile in the 
same time, an amount almost identical with' that obtaiaed 
from the trial of July 36. These results are a small but an 
unknown amount too large owing to the fact that the joints- 
of the sewer pipe through which the water was conveyed 
from the reservoir to the silt well, although laid in cement 
were not quite water tight, and some water escaped from 
this conduit before reaching the silt well, but this amount 
when compared with the whole water moving was certainly 
small, much less than one per cent, and probably less than 
one-tenth of one per cent. 

Measurements of the height of the ground-water before 
the pumping began and affain two days after the pumping- 
stopped showed that there had been a rise of the following- 
amounts at the several wells: 
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When pumping beg^an the water-table sloped 1,!) inches 
from well 28 toward the eilt well A, Fig. ;J6, but when meas- 
ured two dayB after pumping the slope was in the opposite 
direction and in amount 20,6 inches. So with well 40 while 
the slope was toward A to the extent of 12 inches before 
pumping it wae, two days after pumping, 33.5 inches in the 
opposite direction. 

When the pumping stopped the ground within the area 
hounded by the line of crosses was saturated with water 
very nearly or quite to the surface and outside of this the 
water had been- raised by capillarity varying amounts over 
the whole area occupied by the tile. 

RATE OF PERCOLATION FBOH SUB- IRRIGATION TILE. 

On the western slope of the hill at C and on the eastern 
side at D, Fig. 25, were laid two system of tiles, 18 in. below 
the surface where the percolation could be studied under 
conditions where the surface of the ground was from 16 
to 20 ft. abuve the water table. At C the tile are laid nearly 
along contour lines d to 7 feet apart and connected in a zig- 
zag manner as shown in the figure. On the other side the 
tile are also laid in a zigzag manner but ten feet apart, 
each line being 30 feet in length. These plots were experi- 
mented with at several times duriag July and August when 
corn was growing upon the ground, and also in September 
after the crop had been removed. 

During the first trial on plot C where the length of tile 
is 1,030 feet the rate of percolation was 10.6 gals, per min- 
ute for each 100 feet of rile, and during another trial in Sep- 
tember after the crop was removed the system took water 
at the rate of 14.72 cu. ft. per rain, or 10.79 gals, for each 100 
feet of tile. The soil at this place is a sandy reddish clay 
and gravel underlaid at 3 to 3 feet with coarse sand and 
gravel very pervious to water. 

On plot D, where there is a more impervious reddish clay 
sub-soil, the rate of percolation, even when most rapid, was 
less, the 1,350 feet of tile taking, in 11.18 hours. 9,878 
cu. ft. of water, or at the mean rate of 5.98 gals, per minute 
for each 100 feet of tile. 
17 
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Ing these experiments the water was held in the sys- 
>f tile C and D under a pressure which caused it to 

open pipes, placed above the lines, to the level of, or 
B above, the surface of the ground, and under these 
ions the soil first became saturated to the surface 
[lately above the tile and then spread laterally, but 
' the summer trials, when the crops were on the 
1, the saturation of the soil at the surface only oc- 

in a few places, in the case of plot C the ground 
f became saturated to within 3.5 to 3 in. of the sur- 
irove the lines of tile and to within 9 to 11 inches of 
cface midway between them. In the September trial 
ot was completely saturated to the surface over more 
tiree-fifths of the area, but to do this 33.7 inches of 

were required, an amount considerably more than 
rface four feet of this particular soil was capable of 
ing by cap'Uary power. 

ould be stated here that experiment proved the rate 
lolation from the Z inch tile on the hillside at C too 
to allow the water to be forced through the whole 
1 by the zigzag method contemplated and that after 
it trial the seven lines of tile were connected at the 
xt to the reservoir so that water entered the several 
it the same time. To prevent more than the due 
it of water entering the lower line of tiles the con- 
g line was partly closed by slipping between two 
s of tile a piece of sheet iron. 

BNCB OF THE WATER PUMPED ON THE YIELD OF CROPS 
OBOWING ON THE AREA. 

ote the influence of sub-irrigation upon vegetation, 
ras planted upon the three areas under experiment 
e yields carrefnlly noted. 

hillside on which plot I) is located was divided into 
rallel strips each thirty feet wide; the sub-irrigated 
i^.cupying the middle position. On either side of this 
of like width was surface irrigated and still outside 
e the remaining two plots received only the rains of 
ison. 
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This ground was a clover sod plowed 
which a dresBing of well rotted manure eq 
loads to the acre was applied. 

After fitting the ground the corn was 
both ways 30 inches apart from east to ■»■ 
the other way, dropping from three to five 
The object in planting the corn so close i 
was to ascertain whether it was possible 
produce yields at all comparable with the 
which had been obtained each season for t 
large pot experiments having for their ohji 
ation of the amount of water required to ] 
of dry matter. The field was harrowed 
once after the corn came up and cultivatec 
way from north to south across the several 
usual manner. The western half of the ] 
to a variety of flint corn and the eastern ix 
North dent; then each of these portions : 
divided by thinning alternate ten rows U 
hill, while the other ten rows retained frc 
Between the two pieces of corn were pla 
potatoes in hills tbe same distance apart ai 

No irriga*jion was done until after the co 
to cultivate, the first water being applied 
convey the water to the two surface irrige 
of three inch tile was laid along the south 
just flush with the surface of the ground a 
allowed to flow out between the rows o 
from the joints of the tile. To control t: 
from tile, pieces of galvanized iron were 
joints, here and there, thus more or less 
ping the flow beyond. 

The total amount of water put upon thi 
plots is accurately known, but there is a 
certainty regarding the division of it betw 
to difficulties in handling the water at fii 
given below expresses very jneariy the tri 
water and the amount used: 
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The yield* of dry matter per acre were a» followe: 




irrigated. 


■Xss. 


^^t^' 




7,010 lb8. 
7. 428 lbs. 


11,080 lbs 
9,645 Ibg. 




Dentcora 





These plots, which were 30 ft. by 335 ft,, each received 
identical treatments in every way except in the matter of 
^ifflter put upon the ground. It will be noted that both ir- 
rigated plots gave larger yields than did the ground receiv- 
ing no water, the combined mean difference being as 7671 
to 9539, the irrigated being 24.4 per cent, greater than that 
not irrigated. This difference in favor of the larger 
amount of water is some less than the true amount owing^ 
to the fact that about 10 per cent, of the heaviest portion 
of the irrigated corn was left to mature its ears while the 
other was cut and put in the silo, the latter only being in- 
cluded in the statement above; so too, the difference be- 
tween the surface and sub-irrigated corn appears in the 
table larger than it really is because one-half of the reserve 
corn came from the single sub-irrigalied plot while the re- 
maining half was apportioned betv/een the two surface- 
watered plots. 

This reservation was made on account of the fact that in 
our anxiety not to apply too much water for fear of injury 
from possible rains too little was given and the result is an 
average yield much too small. There was a strip along the 
line of the surface distributing tile which received more 
■water than the balance of the plots and here the yield was 
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Tery much better than the average. Thai 
more l^vel portion extending across two 
which resulted in giving more water to thest 
here too the corn was far superior to the re 
hills wide and 325 feet feet long, extending al 
of one of the conducting tile, was reserved to 
a section of ten rows across the subirrigatec 
irrigated plots. When ripe and busked the c 
line of tile gave a yield of ear corn of 72 i 
bushel, as follows: 



orn, thick Heeding .. 



The surface irrigated plot of flint corn g 
107.1 bushels and the sub-irrigated 104. ^ busb 

All of this corn was thoroughly kiln-dried 
-and then shelled, giving the following resulti 



In the other case, along the line of the ti 

stood I 



For some reason the dent corn not irrigate< 
ears and the flint corn only a few small and ir 
Even on the areas best watered not all stal 
while many of those produced were incomple 
kernels at the butts being often wholly or 1; 
The figures above also show that the larg 
shelled corn was produced on the plots ha 
stalks in the hill. The converse of this, ho 
when we compare the total dry matter pi 
shown below: 
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Noc IrrlaUed 
per acre. 


8.>rtue In-I 


Bu1}-liTljntad 
■per acre. 


■nilct seeding 

Thin seedlDR 


8.889 lbs. 


11.980 lbs. 
9.897 Jbs. 


9,B3T lbs, 
8,899 lb.. 


Difference 


1,081 


S.283 


e;8 



In the case of plot C, only dent com was planted and 
only sub-irrigation compared with the crop produced under 
the conditions of the natural rainfall. The corn was 
planted in north and south rows 30 in. wide with hills 
of three to five stalks 15 in, apart in the row. Here also 
the com not irrigated produced no ears, and that watered 
only relatively few small and imperfect ones. Ttie yield 
of dry matter per acre was: 



The total water used in this trial, including the season's 
rainfall, was 31.72 inches, but from this there should be de- 
ducted 4.5 inches which was applied in excess and allowed 
to percolate at once beyond the reach of the roots, thus 
leaving the water to be charged to this crop as 27.23 
inches. 

On the tile drained plot, where the corn was planted, the 
yield per acre was as stated below: 



SbeUedoom 67 81 bu. 

i>enJ Cora- 

Dry matter ■ 9.18T lbs. 

Shelledcom 6a. 05 bu. 

In these cases the rows were planted three feet apart 
with hills of three to five stalks eighteen inches from center 
to center, and the dent corn occupied the north end of the 
plot where the water came nearest to the surface, and it is 
because of the larger water supply resulting from this posi- 
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tion that the dent corn produced a larger yield than the 
flint, which under like conditions, with us, has given the 
largest returns. 

A field of dent corn adjoining this, but upon land which 
had been in pasture for several years and was in good heart 
gave a yield of 6,115 lbs. of dry matter and only fifty-three 
bushels of shelled corn to the acre, an amount 50.24 per 
cent, less for the dry matter and 18.31 per cent, less for the 
shelled corn. It should be said, however, that this corn was 
drilled in and not planted as thick. Another field on new 
land but higher ground which had been in pasture for years, 
gave only 5,066 lbs. of dry matter to the acre. 

In still further evidence of advantage derived from the 
water introduced into these tile drains may be cited the re- 
sults of a comparison of yields of six rows of hills taken 
along the line of tile with six others taken^midway between' 
them. In thecase of the flint corn the yield above the tile 
■was 74 bushels of ears of 72 pounds each, while that mid- 
way between was 64 bushels or 3 6.6 per cent. less. With 
the dent corn the yield above the tile was 73 bushele, while 
that midway between was 60 bushels per acre, au amount 
21.7 per cent less. 

The beneficial effect of irrigation upon potatoes has al- 
ready been cited on page 245. 

Ou the ground between the silt well A and the lake, Fig. 
25, the effect of sub-irrigation was very marked upon the 
clover of this year's seeding where it grew very rank and 
thick. In the upper portion of the eastern half of the tile 
drained system where the water did not come nearer than 
3 to 3i feet of the surface by hydrostatic pressure the loca- 
tion of the tile became evident from the stronger growth of 
second crop clover. 

Just why the thick seeding of corn failed to ear normally 
is not evident in view of the facts at hand. In the case of 
the large pot experiments where the pots stood in the corn 
field, less than nine-tenths of a square foot of surface re- 
peatedly produced large normal stalks and ears, giving 
yields as high as 34,730 lbs. or 17 tons of dry matter to the 
acre. In the thickest seeding in the field this season the 
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root room was nearly equal to that in the pots and the soil 
was in much better heart in all cases, and yet the largest av- 
erage yield here was not quite one-third of that cited. The 
standing room in the air and sunshine was less in the field 
trial, but even martrinal rows in the field failed to develop 
normally. 

It is true that while 34.23 inches of water were used in 
the pot experiment under conditions where none of it could 
be lost by percolation, only 16.76 inches were used in the 
field where some part of it may possibly have passed down- 
ward beyond the reach of root action. There was a por- 
tion of the surface irrigated ground, on which the fiint corn 
grew, measuring more than 8,400 square feet, which did 
produce over 29,000 lbs. or 14.5 tons of dfy matterto the acre, 
and a very large, though not normal, proportion of ears, 
but it is quite certain that this area received more than 
16.67 inches of water, just how much can only be conject- 
ured. 

One object of these experiments was to learn how much 
closer than the general practice of field planting com may 
be grown provided ample water is furnished, and the re- 
sults appear to warrant the conclusion that with more 
water supplied and less wasted a considerably closer stand 
and much larger yield may be had, and it is safe to say 
that as land values advance large areas of ground devoted 
to the raising of corn and potatoes and other field crops 
will be made to utilize portions of the abundant water of 
comparatively humid climates which now passes unused in 
many streams or lies idle and an obstacle to progress in a 
thousand lakes and marshes. 



COST OF PtTMPING WATER, 

In raising the water from the lake for these experiments 
a No 4. centrifugal pump was used, driven by a common 
portable farm engine. The water was drawn through a 6 
inch suction pipe 110 feet long, raised to a height of 26 feet 
and conveyed hy gravity to the reservoir through a 6 inch 
galvanized iron conductor pipe. 
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CULTIVATION OF CORN THREE INCHES DEEP COM- 
PARED WITH A LESS DEPTH. 



F. H. KING. 

DuriDg four consecutive Beasons experiments have been 
made aiming to establish the best depth of stirring the soil 
in the cultivation of com. There have been conducted in 
all twenty experiments bearing upon this question, thirteen 
of which have been on the Station farm and seven in differ- 
ent portions of the state, as follows: 

Two by Mr, A. P. Noyes, Beaver Dam, Dodge Co. ; one 
by Mr. Geo. Wyley, Leeds, Columbia Co.; one each by Mr. 
E. C. Herrick. Plainfield, Portage Co. ; Mr, Chas. Diener, 
Stephensville, Outagamie Co. ; Mr. Herman Koblwey, Graf- 
ton, Ozaukee Co.; Mr. Fred M. Balsley, Fayetteville, Wal- 
worth Co., and Mr. Grant Austin, Milton, Bock Co, The 
last five gentlemen have been Short Course students at the 
university. Neither Mr. Wyley nor Mr. Noyes need an in- 
troduction here It is due these gentlemen to state that the 
several experiments have been conducted with great care 
and without other compensation than comes from the satis- 
faction of having helped in the establishment of truth. 

PLAN OF THE EXPERIMENTS. 

In all these experiments the same general plan has been 
followed and two depths only have been tried, always 
under field conditions, where the ground planted to corn 
usually exceeded one acre. Three inches has been adopted 
as the maximum depth in these trials and one to one and a 
half inches as the minimum. The trial plots have consisted 
of alternating groups of four rows, one set cultivated deep 
and the other set shallow. Cultivation three inches deep 
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means, in these trials, such that when the loosened soil is 
brushed away the points of the teeth have a measured ver- 
tical depth of three inches below the unBtirred eml. 

The comparative yields have always been determined by 
weighing the whole product of the two middle rows of each 
group of four and when only twelve rows extending 
through the field have been entered for competition these 
have been located upon a section where all conditions were 
as nearly uniform as possible and the yield of the two cen- 
ter rows of the middle plot has been compared with the 
mean of that of the two center rows of the adjacen'i plots 
on either side. Where dead furrows and back furrows ex- 
tended in the same direction as the rows of com care has 
been taken to avoid them, and when whole fields have en- 
tered into the trial these have been cultivated throughout 
in alternate groups of four rows deep and four shallow, the 
yields of the middle two rows of each always and only 
entering into the comparison and outside rows and end 
hills have been rejected. Ttie early cultivation of these 
trial rows has consisted in the common harrowing of the 
whole field before and shortly after the corn was up and in 
the later cultivation the aim has been to run close enough 
to keep the corn clean without the aid of the hoe. Of 
course cultivation but one way could be followed in these 
trials. 

EXPERIMENTS AT THE STATION FARM. 

In our first experiments in 1891 the Deere Eagle Claw 
cultivator was used the latter part of the season and the 
Deere Spring Tooth during the early portion. The com 
was planted May 39 in rows 3.5 feet one way and in hills, 
of two stalks, 1(5 inches the other. It was harrowed on 
June 8, and cultivated June 1.1, 18, 25, July 6, 13 and 10. 

During this time the followmg amounts of rain fell: May 
29th to June 8th, 1,33 inches; June 8th to llth, trace; 11th 
to 18th, .05 inches: ISth to 35th, .76 inches;a5th to July 6th, 
3.13 inches; July 6th to 13th, .41 inches. The total rainfall 
from May 20th to September 1st was 9.11 inches. 

The trials were two, both in the same field but one portion 
manured and the other not, and at the time of cutting the ■ 
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mean difference was 3.18 per cent, in favor of the cultiva- 
tion 3 in. deep, but after determibing the amount of dry 
matter there was a difference of only .76 per cent, in favor 
of the deeper cultivation on the unmanured ground and no 
difference on the land which was manured; but the mean 
yield of husked com stood 1.13 percent, greater on the 
shallower than on the deeper cultivation. 

In 1892 there were also two trials, one on manured and one 
on unmanured ground, both in the same field. The corn was 
planted May 28th in rows 3.5 feet apart and hills twenty- . 
one inches distant the other way, and thinned to two stalks 
in a hill. The three inch cultivation was with the Deere 
Eagle Claw and the shallow with the Tower cultivator, the 
work being done on June 28th, July 5th and 16th. From 
May 28th it rained more or less every day but six until 
July Ist, there being only two consecutive days without 
rain at any time in the interval. The rainfall between 
planting and June 28th was 9.10 inches, from June 28th to 
July 5th .51 inches and from the 5th to the 15th .62 inches, 
while the total rainfall from May 20th until September 1st, 
was 15.12 inches. 

At the time of cutting the corn the total yield on the un- 
manured land was 3.45 per cent, greater on the shallow cul- 
tivation than upon the three inch, while upon the manured 
land the yield was .58 per cent, in the opposite direction. 
When the total dry matter is compared the unmanured 
shallow gave 5.7 per cent, greater yield than the deep, but 
on the manured the yield was 1, 6a per cent, greater on the 
deep than on the shallow. Comparing the weight of ears 
the results stand 5,09 per cent, on the unmanured for the 
shallower and on the manured 1.85 per cent, for the deeper 
'cultivation. 

The trials in 1893 at the Station are theee in number, the 
Deere Eagle Claw and Tower cultivators being used. In 
trial No. 1, the com was planted May 27th, 3.5 ft. by ai in. 
and two stalks in a hill, and the dates of cultivation for all 
trials were as follows: Harrowed June 2d and 6th, culti- 
vated June 13th and 13th, 17th and 19th, 23d and 24th, July 
Ist and 3d and lOtSi and 11th. The rainfall was as follows: 
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May 27th to June 6th, 1.68 ioches; June 6 to 12th, 2.81 inches; 
12th to 17th, 1.5 inches; 17th to 23d, 1.01 inches; 33d to July 
ist, trace; July 1st to 10th, 3.7 inches, and July 10th to Sep- 
tember iBt, 8.29 inches. While the total rainfall from May 
20th to September Ist was 13.61 inches. 

In trials No. 2 and No. 3 the corn was drilled in rows 3 ft. 
8 in. apart. The differences in the yields for the several 
trials are 11.41 per cent, for No. 1, 4.46 per cent, for No. 2, 
and 6.55 per cent, for No. 3 greater on the 3 inch cultiva- 
tion than on the 1,5 inches. And in the case of the total 
dry matter the differences stood 4.56 per cent, and 3,46 per 
cent, respectively for Nos.2and 3. The total dry matter was 
not determined in No. 1, but the yields of kiln-dried shelled 
corn stood 68.46 bushels for the 3 inch cultivation and 65,45 
bushels per acre for the more shallow depth. 

The trials in 1894 were five in number, two with a flint 
corn and three with Pride of the North dent. Two were 
on sod ground plowed in the spring* the other three on old 
ground. In the following table are given various facts re- 
garding the several trials: 





«o... 


=.... 


„.» 


No. 4. 


NO. 5 


Ground 


Old 


Old 


Old 


Sod 


Sod 


Corn 


Uenl .. . 


Dent 


F.int 


DBOt 


Flint 


Planted 


























Junel... 


































Juaeai.. 


June 33. . . 


JuDflW... 


June 211 .. 


June a... 




June 80. . 


July!.... 


July 2... 


July 1 ... 









The rainfall of the season was as follows: May 15 to 20, 
l.b7 in.; May 20th to 23d, .43 in. No rain from May 34th to 
June 15th; June 15th to 2l8t, 1.83 in,; June 21st to 28th, 2.11 
in. No rain fell from June 29th to July 13th; July 14th to 
September Ist, 2.42 in. 

The Tower cultivator was used on field No. 4, running it 
at one inch on one group of rows and as deep as was possi- 
ble on the other set, but this could not be made to ezc^ep 
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two inches. On the other fields the Deere Spring tooth, 
having eight narrow Bhovels, was used for both depths of 
cultivation. On these several trials the yield stood as fol- 
lows: 

For green teeiohtt. 



FleJd No. 1. 




Field No. i. 


CultimioB-S In. ga<e I.M per cepc len IbaD I to l.S in. 


Field No. 3. 


CulilvatioD-8 lo. gave S.IB per cent, leaa thu 1 to l.S la. 


FIbM No. «. 


CuHlTBtloo-S in. g«ia I.OI per cent, legs th»n 1 to 1.3 In. 


Field No. 6. 






For dry matter. 


Field tfo. 1. 


Cult<<fttisn-3 In. gars .43 per cent, more thu 1-1,5 In. 


Field No. a. 


Cnlu™ilOD-Sln. ^are !.M pf r cent, more Ifaao l-l 5 in. 






Field No. 1. 




Field Ho. 5. 


CultlT&tlon— B ID. gmve S.SB per ceot. less than 1-1.3 in. 



EXPBSTMBNTS IN OTHBH PABTS OF THE STATE. 

The eiperiments in other parts of the state have been 
eight in number, seven in 1894 and one in 1893. 

Experiments of Mr. A- F. Noyes. — These were con- 
ducted during two years, 1893 and 189+. His first ezperiroent 
was in a field of Pride of the North dent with rows 98 rods 
long. Two sets of four rows were cultivated 3 inches deep 
witb four rows shallow between, using a 5-tooth one-horse 
Howell cultivator having bladt^s about 3 inches wide, while 
the middle four rows and the balance of the tield were culti- 
vated shallow with the Tower cultivator. I have no record 
of the time and number of cultivationb but all rows received 
the same treatment except as to depth of stirring the soil. 
The corn was cut and weighed on the same day, dividing 
each row into north and south halves, weifirhing each sep- 
arately in order that each half might serve. as a check 
upon the other. Numbering the rows f rom east to west 
they stand and were cultivated as below: 

IB in. deep. 3 in. deep. ; .5 in. deep. Sin. deep. 

ifl IS 14 is \i 11 JO 9 s T 6 ~i r 3 3 1 
The most equitable comparison which can be made in 
this case will be to combine 3, 3 with 10, 11 and compare 
the mean of the four weights with the mean weight of 6, 7; 
and then to combine 6, 7 with 11, 15 and compare the mean 
of these four rows with the mean of the two rows 10, 11. 
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Doing this both with the north and so 
the results which are tabulated below: 



No. ofroir. 


WelgbC 


No. of t 




1.S74 IbB. 
urn lb». 
i.in ibt. 

1,<SI lbs. 












n 




Mem 

THlT«eii'» 


I55.S5 lb8.= 


S. 04 per ceot. 





Nort 

!,1.18lbB. 
98ilbs. 
1,«9S Iba. 
1,070 Ibe. 


i 


half. 








10 










1,071 .aslbe 








,.«„»... 



If we combine the weights of rows 6, 
compare their mean sum with that oi 
the results below: 

South half. 



So 


of 


«.w. 


Wdgbt. 


No.of p 


to. 


I,lffi Ibg. 
1,454 Iba. 










1^ 




IB 


Hun 















1,09S Iba. 

' i 

l,083.SlbB. 










1^ 


M<«n 


1 M par cent. 
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In each of these compansons it is seen that the cul- 
tivation 3 in. deep had produced the larger yield. If the 
total wei}]^ht of the rows cultivated 3 in. is compared with 
that cultivated 1.5 in. we shall find the following: 



from which it appears that there is a difference of 10,26 
per cent, in favor of three inches as a mean of the whole. 

It w£»8 observed after the experiment was under way that 
the northern ends of the two rows C, 7, fell upon what 
had some years before been either a Rully or a dead furrow 
and it is this fact which makes the lat^e percentage differ- 
ence shown in the first comparisons, and this also influences 
the general average, making it too large. 

If we compare the yields from the south half of the field 
simply we shall have 5,383-5,015= lbs. or a difference of 
6.27 per cent in favaor of the cultivation 3 in. deep. If we 
compare rows 2, 3, with 15, lO, there is in this ceise a differ- 
ence of .41 per cent, in favor of the deeper cultivation, or 
again if we compare 10, 11, with 14, 15, we find still a 
difference of 9.6 per cent, in the eame direction. There- 
appears therefore no escape from the conclusion that what- 
ever may be the reason the rows which were cultivated 
3 in. deep produced a larger yield than did tho^e cultivated 
1.5 in. deep. 

Mr. Noyes' next trial was in a field with rows SO rods- 
long and, as last year, on a soil of medium clay. This sea- 
son both the 3 in. and the 1,5 in. cultivation were done with. 
the Rowell 5-tooth one-horse cultivator. An effort was 
made at the start to make two trials, one exclusively with, 
the Rowell and the other with the tower cultivator, but he 
found it impossible to work the soil to a depth of 3 in. with 
the Tower, even when going twice over the ground and the 
last two cultivations were done with the Rowell. The corn 
used in these trials was a white dent, and the results ar& 
indicated in the table below: 
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c tTSt tWCiVB J*OUM< 








1.S10. deep. 


Cultivation 
8 Id. deep. 


OultiTsUon 

l.Slll.deep. 


■Weteht 


S.II»!be. 


s.8iaibB. 


*. 194 lbs. 



Difference, 8Slbs.=S.B per cent. 



SecoTid twtlve rotoa. 



IGl! lbs,=C.8g per cent. 



n Iba, I 2,KSa Iba. 





Both triaU. 










ffsr 


16 Id. deep. 




















l.WTIbB. 








3,fia01bi. 


Mefca 


2,S<M.6Hh. 


t.ita.ssiiM. 



Difference, 1 1T.»=K.35 per e« 



In tbeee two trials it will be seen that there are three 
pairs of rows 80 rods long cultivated 1.5 in. deep, each of 
■which ifl lighter than either of the two pairs of rows culti- 
vated 3 in. deep, but there is one pair of rows cultivated 
1.5 in. deep which is heavier than either of the two pairs 
cultivated 3 in. deep. 

Experiment of George Wyley. — This trial was made on a 
soil of black prairie loam having a full foot in depth which 
is underlaid with a fine textured red clay of great water 
capacity and having a thickness exceeding two feet on the 
lower land but upon the higher portions this passes into 
gravel in the third foot. The rows were planted north and 
south and were 140 rods long extending across clover sod 
plowed in the spring, clover sod plowed in the fall, oat 
stubble fall plowed, and the corn was Murdock's improved 
dent. 

The Tower cultivator was used for the 1, 5 inch cultivation 
and a sulky 4-8hovel cultivator with wide pointed teeth wa* 
used for the 3 in. cultivation. 
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e results of this trial are given in the table below: 
Clover tod, gpring plowed. 



rtviTunt, l.BiBCHis. 


CDLTIViTION, S incHU. 


CULTITATIOH, l.B .'iHCBU. 


Ml. 


Eon. 


ToWl. Ean. 


Total 


Bw>. 


bl. 


LbB. 


Lbi Lb.. 


Lbs. 
MS 


Lbs. 







Clover sod, fall plowed. 






■,. 


»... 


1 » 1 ..., 1 


BOS 


„.. 


Oat 'Mible, fait plowed. 


» 


»• 


( ..» 1 ».. 1 


!,186 1 


«"■ 



each of these cases it will be seen that there is no iu- 
le where the l.» in. depth has not produced the larger 
, both of ears and total weight of stalks and ears. In 
lover sod, spring plowed, the shallow cultivation is 9.66 
ent. for the total and 7.13 per cent, for the ears larger 
le 1.5 inches than on the 3 inches; while for the other 
lases the differences stood 16.09 per cent, for total, 26,83 
ent. for ears, and 4.63 for total, and 3.48 per cent, for 
in the second andthird respectively. ■ 
the total weights of the rows are compared without re- 
to the condition of the ground the mean difference 
i the 1.5 inch depth an advantage of 7.64 per cent, for 
talks and 8.07 per cent, for the ears over the cultiva- 
3 in. deep. It should be observed that where the rows 
id across the clover sod fall-plowed the ground rose 
a gravelly knoll where there was naturally a greater 
iency of water and the effects of the two cultivations 
lere most marked. 

•periment of E. C. Herrick. — This was on the sandy 
»f Portage county and the shallow cultivation was with 
Cower, while the 3 in. depth was with a one-horse 
th Planet Jr., and it should be kept in mind that the 
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last cultivation was on August 13, at which time com roots 
were observfld to collect upon the teeth of the Planet Jr. 
cultivator. The rows had a length of 800 feet. Below 
are the results of the trial: 





incbes. 


C 


ItivttOon, 1.51 


nohes, Cu 


ItivaUOD, S tnches. 


S15 Its. 






801 lbs. 




SI9 Iba. 






Diffe 


rencB, 77 lbs. 


= ?4.89pBrGeot. 





Here it will be seen the results are very pronounced in- 
deed in favor of the shallower cultivation. Only a portion 
of the corn was husked and in this the ratio of weight of 
stalks to the weight of the ears was identical in the two 



Experiment of Chas. H. Diener. — The cultivation of this 
trial was done with a one horse five tooth Cribb cultivator 
having teeth three and four inches wide, and -the soil was a 
sandy loam underlaid at two to three feet with a very fine 
red clay, having a large water capacity so that here, except 
in color of surface soil we have conditions very similar to 
those on the farm of Mr. George Wyley. 

The corn rows had a length of fifty-five rods and the re- 
sults of the trial are given below: 

GultEviitloa. 8 locheB. CuttivBClOD, l.B incliea. CultiYatioD,S lacbeB. 

I.OSeiba. en Iba.. lOOSlba. 



A portion only of the corn was husked and this gave the 
ears on the cultivation 3 inches deep 45,96 per cent., and on 
the cultivation 1.5 inches 42.14 per cent, as the ratio of 
weight of the ears to the weight of the ears and stalks. In 
this case on a sandy loam the 3- inch cuKivation is unques- 
tionably superior in yield to the cultivation 1.5 inches deep. 

Experiment of Mr. Herman Kohlwey. — The soil on which 
this trial was made was a sandy clay containing some 
gravel and was cultivated with the Ellwood Iron King 
four-shovel cultivator with teeth 5.5 inches wide. The 
com was one of the large varieties and was cut for silage, 
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I weights being taken at once after cutting, giving the 
ults below: 

ColtlTaUon, 3 InclKS. CultlTatlQD, I. G Inches. Culll*kUoa. SIdcIim. 

S.2U1IM. 3,IMIba. !,a01ba. 

Diftereoce, M llM. = 4. SS per eeat. 

"he rows in this field were 3S3 feet long and planted in 
Us 3.5 feet apart. 

Experiment of Mr. F. M. Balsley. — This experiment, lik" 
I last, was conducted upon a sandy clay soil containinf^ 
ivel and was worked with one of the Old Gorham four- 
ivel sulky cultivators having teeth five inches wide. 
rough a mistake in cutting the com in this trial, one of 
I two center rows of the deep cultivation, was put with 
i of the outside rows of the four on that side, and hence 
y two rows of the three-inch cuUivatioo remained to be 
npared with the two of the 1.5 inches. This comparison, 
wever, could be made without violence to the cultivation 
ing the smaller yield because the slope of the field 
,ced the two rows having the larger jield on the uphill 
e, which ordinarily would tend to place these at a dis- 
vantage. The results are as follows: 

CultlvatiOD. 3 lochea. Caltlvation, l.G iDcbeg 

KSIbs. SBTlbe. 

DUTerence, n lbs, = 8.BI per cent. 

]n this case the three-inch cultivation is plainly ahead of 
i lesser depth, and in the portion of the corn which was 
sked the ratio of ears to total weight stood 42. 9i per cent. 
' the three inches and 39.88 per cent, for the 1,5 inches. 
Experiment of Mr. Orant C. Austin.~-Thia trial was upon 
ine black prairie loam and the work was done with atool 
ry similar to the one used in the last experiment. The 
jvs were 84 rods loDg planted 3 feet 8 inches apart in 
;il3, and the com was a white dent. The yields stood 
indicated below: 



CultlTdtlon, 3 


nchM. 


CultlTHtlon, I.BinohM. 


CultlT»tl™.»il 


!(.mi 


M. 


S.S7«lta. 


B,«eilta. 
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In this case there is practically no rtiflference in the two 
types of cultivation, there being only .63 percent, in favor of 
the 3 inches. None of this corn was husked. 

If we bring together the records of the times of cultiva- 
tion for these seven experiments and the times of planting 
they stand as below: 



;S2^ PUlnflrid. LeodB. 



Time of planting. 

Maj IG lUkr 14 '-- lUar % ... I U>r % ... lUay 34.... lUar le ... |Ua?38 



Time of haTTouritig. 

r,'»...| HarSt.Sl.l June B,^.. I June £.6.. I Mar IS .. I Har U.W 
I June 1 1 1 1 JuDB 1. 10.1 



Time of cultivating. 



Juues:.. 

JuDe2EI . 
Julf 23 , 



JuDe£e.. 

juir 9... 



July S.,. 



Jaly a. . 
July IS 
Jnlj ai. 
Aug.!!., 
Aug. IS ...I 
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TabU of rainfaa far 1894. 



niton. 


««. 


s:- 


»e 


Held." 


LMda. 


BesTer 
Dam. 


UadI- 


• 


.78 
.18 

T 








i.ift 




■■" 


.10 


T 
T 

T 
.81 

.!6 

■sr 

M 
T 



T 
.06 
.Ofl 
.13 




g.2S 


.41 




.18 












T 




















B.00 


,81 
2.SS 


.«8 


.18 


■;,.- 


.» 


.01 


.88 


.7S 


.18 
T 

.ex 
.« 

.((» 

.06 


.13 


S.15 
.48 


a.s8 


l.TO 










.U 


.43 


.ss 




>.» 


... 


1.39 ■ 




.06 










.87 




,10 


.48 






.M 




.BS 
1.80 








...7. 










..... 


B.l! 


*.1B 


B.88 


>™ 


n.ja 


G.IS 


8.04 



he table of times of cultivation with that 
imounts of rainfall it is not apparent that 
its between these and the percentage 
le yields show in favor of one or the other 
on. It is true that at Milton and the Sta- 
}he last cultivations were the :^8th of June 
here is the least difference between the 
wo depths of culture. 
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EFFECT OF DEPTH OF CnLTIVATION ON 1 
OF THE SOIL. 

The effect of depth of cultivation o 
has bden studied dur-nij three seasons, 1 
termined in one foot sections to a depth 
samples in all cases have been taken in 
the two middle rows of each group of i 
cent groups of rows only have been cod 
slope of the surface was appreciable 
another the comparison is made by 
from two groups of like cultivation on 
adjacent to one of the other lying betw 

The table below shows the observec 
times there noted: 

3\iMe thoujing the per cent, of waterin comgroun 
1.5 tncAes deep. 





CultiTflted. 


irt. 


Aug.ar.isM 


3 Inches 


Percent. 
38. S5 








Sept. 18,1893 


3 Inches 


.<4 










No. 3. 




14.58 














11.89 
11.78 








,16 






No. 1. 
JulTlB,lSB* 




11.30 
0.92 










1.38 
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lounny th4 per cent, of water in corn ground Cultivated 3 inchet and 
1.5 irtchee deep. — CoDtiuued. 





Cultivated. 


in. 


aft. 


3«. 


4.. 


.«..„-,. 


aineheg 

l.S Inches 


IS.96 

lew 


a).« 


21.S9 






21.M 


















Kt..4. 




Percent. 

ir.«3 


Percent, 
25 53 
24.43 


Percent, 

25.80 


Per cent. 




l.ft Inches 


28 20 


rence 


1.3» 


l.W 


17B 


-M 






11.85 
10.65 


1T,4T 


18.H 
















■enoe 


1. 00 


,S2 


-1.8! 


-.89 


No.1. 




S.fB 


ll.M 
082 


10.60 
fl.W 


















l.K 


1.47 


1.88 










Noa-aandS. 




le.M 


le.es 


1?.50 
IS.K 






1 a ■ ches 














.m: w 


1.64 










No. 4. 




13.91 


18.89 
18.63 


so.oe 






■ 












-.sr 


.17 


-11 










Ko. 5. 
!SW 


3 inches 

IBlDchea 


7.18 


11-88 


13 75 


ir.M 




100 


i.aa 


1.22 











ise tables show in a very conclusive manner, cover- 
i they do three consecutive years and being made up 
ilve sets of determinations, each extending to a depth 
r feet, taken in seven different fields, that cultivation 
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3 inches deep does leave the gound more moist below tl 
stirred than does the cultivation 1.5 inches deep. Ii 
it will be seen that there are only two cases in the si 
foot and none in the second foot where the soil of 
inch cultivation is not more moist than the shallower < 
the average difference being .74 per cent for the firs 
and 1.00 per cent, for the second foot and this means fi 
soils in question a difference 6f 1.5 lbs. of water t( 
square foot in the upper two feet in favor of the 3 
cultivation; and thisdifference has occurred, too, wht 
the majority of cases, there has been a lai^er product: 
dry matter and presumably a larger consumption of v 

The data of the table above bring into strong 
another effect which has been referred to in earlier re 
namely that of translocation of soil moisture. Referr 
the table it will be seen that of the four sets of sa 
taken on July 16, 1894, from as many different fields, 
is only one exception to the rule that while the surfac 
feet of the S inch cultivation is more moist than the 1.' 
cultivation the reverse of this is true of the third and f 
feet, these being dryer. The facts appear to be that 
the surface two feet of soil are more moist they are dra 
water faster from the third and fourth feet than they 
were they dryer. 

If we bring together all of the cultivation ezperii 
conducted by this Station, placing the differences in 
of the 3 inch cultivation in one group and those in fai 
the 1.5 inch in another they will stand as given below 
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percenlage difference in ywtd betweai euUivatUm 8 
inches deep and 1.5 inches deep. 



3 Inch 
caltliB- 

tlon. 


1.5 inch 
cuUloa- 

tton. 




rf 


eulttya- 


.n 


percent. 
.00 


Siperiment Sta.; 
No. 4, 1894 


percent. 
3.8S 


percent. 






.83 




IBS 






3« 


arafton 














« 


Leeds. 




TM 






Beaver Dam, 1K0I 


10, ss 
a, as 






,.™ 









Q that of the 20 trials 14 are in favor of the 
on and 5 in favor of the 1.5 inches, while in 
ielda are equal, 

are not in full accord with work done at 
ions, but it should be said that this could not 

all cases. The Illinois experiments which 
over 6 years give an average of 3. 27 per cent 
;nche8 as compared with a depth which Prof. 

ranges from 4 to (> inches, the latter bein^ 
,d jet two of the six years' trials gave yields 
it and 8.56 per cent respectively in favor of 
ivation , 

Kansas trials which are comparable in depth 
Ihree in number, stand two to one in favor 
. a mean difference of 3,18 per cent. The 
ilso comparable in depth and covering six 
3 to five in favor of one inch as against three 
nean difference of 4,78 per cent. Ohio com- 
tian four inches with two inches finds 1,97 
ivor of 2 inches, Utah comparing 3 inches 
Is a balance of 7.75 per cent in favor of 1 
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inch, and Missouri comparinjc 5 to 6 incheR with 1 inch finds 
a balance of 25.07 per cent, for ears and 21.17 per cent, for 
stalks in favor of the less depth. Other stations have also 
done work which favor the shallower depths of cultivation, 
but just what the depths are is not stated. 

It seems to be quite definitely settled that with rare ex- 
ceptions a cultivation as deep as four inches is less pro- 
ductive than a shallower one. It seems also clear that the 
best depth to cultivate is not constant either for soil or 
seasons. The problem is manifestly a complex one and in 
view of the inagrnitude of the interests involved merits a 
more extended and careful study than it has yet received. 



During the study of the present season soil temperatures 
in all of the fields under experiment have been taken to 
depths of 3 feet and with wholly concordant results, show- 
ing the soil cultivated ] . 5 inches deep warmer than that cul- 
tivated 3 inches deep, but with differences less than those 
recorded for last season, the mean difference of all measure- 
ments being as below. 

1st foot. 2Qd foot. 3rd foot. 

.82= P. .59° F. .36° F. 

The observations this season were made in the same 
manner as described in the last report, p. 190 except that 
two thermometers were used and readings taken simultan- 
eously on both types of cultivation. The thermometer used 
is represented in Pig. 26. 

The diurnal changes of temperature at a depth of one 
foot were also studied with the aid of two self- recording 
thermometers similar in pattern to that described in the 
Ninth Annual R'^port, p. 203, one of these instruments being 
set in the middle pair of two adjacent groups of four rows, 
one of which was being cultivated 3 inches and the other 
1.5 inches deep. The mean daily changes during the week 
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July 26 was for the 1.5 inch depth 1. 65° F, and for the 
lepth 1.45" F., making a difference in diurnal range 



i-o 



.— ShowtDK maximum and minimum soil Cbermometer graduated to t«Dtba of 
'. and the bulb one foot Iodb. glriag tlie mean l«mperaiure nt the loot oT boU Ii 

e instruments were carefully calibrated at the cloee 
trial, which extended over four weeks, by placing 
ide by side in a reservoir of water and measuring 
iperature of tbe water in contact with the bulbs by 
of three mercurial thermometers graduated to tenths 
.dings being taken every 15 minutes at each end and 
center during a period of four hours. 
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THE RATE OF PERCOLATION FROM LONG COLUMNS 
OF SOIL. 



p. H. KING. 

The experiment described in the last Annual Report, page 
175, has been repeated the present year using apparatus 
represented in Fig. 27, where each tube is 8 feet long and 5 
inches in diameter and constructed as described under the 
figure. These were all filled with water-free sand having 
five degrees of fineness, namely, that which passed a screen 
of 20 meshes to the inch but was retained by one of 40, that 
which passed a screen of 40 hut was retained by one of 60, 



nlnnln nil ifjnnln 



J^L^ 



Fib. 27.- BbowlDK i 
I. piTJBpoellre. »nd B. 
ilOMd polDt. D, diacbi 
laa s »«ter rea-ptacle 
Nlge at the goil tube. 



Btudjlng percoUtinn from loDC columni of soir. 

I e. tube to equmlize prrsaure. The bags ot each tube 
e water poreolntts ifirougli notobes cut In tho lower 
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that which passed one of 60 but was retained by one of 
80, that which passed one oC 80 but was retained by one of 
100, and last, that which passed a screen of 100 meshes. 

Each cylinder was filled with water from below until it 
overflowed at the top and the percolation started January 
30. In the table below is given the amount of water which 
percolated during the times there stated, and also the per 
cent, figured on the dry weight of the sand. 

Table shoteing the amount and per cent, of water which percolated from 
eolumna of sand 8 feet long. 




At the end of this time the several soils had lost during 

the nine days of percolation the following totals; 





No. ao. 


No. «. 


No. BO. 


No. 80. 


No. 100. 




ama. 


GmB. 


Oma. 


lima. 


Qms. 














Weight ot water 


749B,2 


7«a,7 


6234,* 


4S:i,5 


41M. 




K.St 


14. as 


B,K6 


10. OS 









The rate of percolation it will be seen decreased in a very 
marked manner as the soil grains became more and more 
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fine and that the finest sand had lost in the time only a 
little more than one-half the amount of water which the 
coarsest one bad. 

Table allowing the amount and dates of pereolation of water from tand of 
five degrees ofjinene&s and columns 8 feet long. 





No. SO. 


No. 40. 


,...« 


No. 80. 


No. 100. 




Ona. 


GBJB. 
.0 


18,1 

SB a 

19. 1 

37,8 
.0 
.0 

,0 
47,0 

.0 

.0 

.0 

5i.B 

.0 

.0 


Gme, 

ao.B 
ia,4 

8B 
8,7 
19.9 


Oms. 


FebroaryB 


10 
40 

48 

42 
40 

99 


g 


45 
IB 

SI 
3S 








FebruaryM 


8 

1 

48 

SB 
40 

40 
87 
85 








February IS 

FebruarySO 




FebruarySl 




FehrraryW 

February 27, A. « 

February 27. F.H 

February S8 


85 


" 








MarohEa 

AP"'« 

AprU17 

Aprma 

Moyio 

May 17 

JunolS 




July la 




August 8 

October!4.. 
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But the most remarkable feature of this experiment i» 
the very long period during which the percolation contin* 
ued and not much lees surprising is the irregularity with 
which it occurred. It will be seen from the table above 
that all of the samples discharged some water as late as 
July 13, after the lapse of 164 days; while cylinder No. 20 
discharged 69.7 grams of water on October 2i, after a lapse 
of nearly nine months. 

If we compare the total percolation from February 7 to 
Oct. 24 in the several cases, we have the results stated below : 





lNo-M 


No. 40. 


No.W. 


No.W. 


».m 


Dry weight of wmd 

Weight of w»t«r. 


pa*- 

l.OTH 


gnu. 


48ffl0 

7-n 


gnu. 


WSIO 

MOO 











Here it is seen that after the first rapid percolation had 
taken place all samples of soil went oa drying at nearly 
equal rates, each loosing not quite one per cent, of its dry 
weight, except the coarsest sand which continued to perco- 
late not only longest but also lost the largest amount of 
water during the latter interval as it did during the first. 

This observed slow percolation which passed out of the 
8-foot columns of sand, and hence under field conditions 
beyond root action, represents the following loss when 
figured in pounds for columns one sq. ft. in section 
No. 20. No. 40. No. 60 No. 80. No. 100. 

9.15 Iba. 7.77 lbs. 6.56 lbs. 7.69 Iba. 7.56 lbs. 

and these losses represent more than an inch of rain in 
every case. 

Irrigation of sandy lands. — These observations have a. 
very important bearing upon the irrigation of sandy lands 
and show in an emphatic manner that it would be extremely 
wasteful not only of water but also oE fertility to apply 
water in large quantities at a time unless these lands are 
underlaid at a shallow depth with a much more impervious 
layer. We have in our state large areas of these lands ly- 
ing close to water, and these facts will be helpful to those 
who are now thinking of improving such lands by iirigation. 
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SMALL LATERAL PRESSURE OF SILAGE AFIER 
SETTLING HAS CEASED. 



p. H. KING. 



We have now two cases where silos have burned after 
being filled with silage, one owned by Mr. C. E. King of 
Whitewater and the other by Mr. A. D. Rice of Milton, 
The fact that the silage in both these cases stood up.retaining 
the form of the space in which it was stored, demonstrates 
that after silage has once settled in a silo the lateral pres- 
sure then becomes very small or entirely ceases. Fig. ^8 
is a photo-engraving of the silage from Mr. Rice's silo as it 
stood October 20, a few days after the fire. The silo was 
round and when it burned as the result of a fire starting in 
the bay of the barn the silage was not appreciably impaired, 
tte surface being so green and damp that it hardly charred 
enough to leave the surface black. 

The silo of Mr. King was rectangular and in his barn, 
which burned four days after the completion of filling, but 
it should be said that the filling extended over a consider- 
able period of time. This fact of the rapid dying away of 
the lateral pressure has an important bearing on the con- 
struction of silo walls and shows that unless the walls are 
very rigid, so as not to spring when the silage settles, air 
spaces will be left between the walls and the silage in the 
upper part of the silo which must result in a lai^e loss of 
dry matter. 
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SCALES] USED rOR:HEAVY.lWEIGHI 

U 




The scales which have been usedjin weighin 
cylinders of soil in the pot experiments desci 
and preceding annual reports are represented in 
is a specially constructed weigh- master's beac 
capacity of 1,000 lbs., and turns quickly with lef 
tenth of a pound when carrying a weight of 60 
beam is graduated to tenths of ajpound by notcl 
a movable poise may he placed, giving a maxii 
of 50 lbs. Higher weights are measured with 
set of fixed weights which hang from the knife- 
at the right end of the beam. 

The several knife-edges are protected with 
guards shown at A. These are held in plac< 
scales are not in use, by set screws. 
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DCTIVE EFFECTS OF WINDS ON SANDY SOILS 
D LIGHT SANDY LOAMS. WITH METHODS OF 
EVENTION. 



F. H. KIN'G. 

: is a rudely crescent shaped tract of land lying a lit, 
e soutii of the center of this state and extendinft from 
ffega, Berlin and Portage on the east to Barron, 
nie and Pepin on the west, which is covered, over 

its area, outside of the swampy and marshy dis- 
vith a light sandy soil or sandy loam, 
ical experience has now abundantly proved, both 
southeastern and northwestern ends of this cres- 
it its soils are capable, when rightly managed, of 
ng large quantities of potatoes of very excellent 

This crescent has a mean width of not less than 40 
length of fully 180 miles; and besides this tract 
e ibree other isolated areas of considerable mag- 
of the same general nature in the northern part of 
e, and to which the remarks of this paper will apply 
lese lands are brought under cultivation. There are 
■y many much smaller and more isolated but widely 
d areas which are in a degree subject to tbe same 
ns, but being surrounded by heavier soils and r^-nker 
3 of vegetation their fields are less injured during 
idy times than are those of the larger tracts referred 



ATIONS ON THE DESTRUCTIVE EFFECTS Off WINDS ON 
1 LIGHTER POTATO SOILS OP WAUPACA, PORTAGE AND 
IJ8HARA COUNTIES. 

e seventh of May the writer had occasion to go to 
lid to make preparations for an experiment on the in- 
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fluence of deep and shallow cultivation on corn. There had 
been what was described as a very heavy fall of rain on 
the 5th and 6th, but on the 7th it was clear and cold and 
the wind was blowing strong from the northwest. During 
this and the following day, in spite of the preceding heavy 
rain, the fields about Plainfield, and Almond in ihe adjoin- 
ing county, drifted very badly. On the morning of the 
Sth the drifting had gone so far that on many fields at 
both places the loose soil with which oats were cov- 
ered, whether with seeder or with drill, had been 
driven from the fields to such an extent as to leave the 
kernels of grain entirely exposed, the plants lying fiat upon 
the ground hanging by a few roots and whipping in the 
wind. 

On many other fields, where the drifting had not been so 
bad, the oats, which at the time were about 3 inches high, 
had been cured like hay down close to the ground, and 
even the leaves of the dock sorrel which chanced to be 
growing with the oats were blackened and so dry as to 
crumble in the band. Very many of the blades of oats 
were broken squarely across close to the ground and pre- 
sented an appearance which suggested to the farmers the 
idea that they had been cut off by the drifting sand. The 
blades were not, however, cut entirely oif, but rathe*" they 
were so badly broken as to bend at a sharp angle at the in- 
jured place, allowing the blade to lie flat upon the ground. 
It was also observed during this first visit that wherever a 
field lay to the leewflrd of any sort of shelter the bad effects 
. of the wind were either not apparent or else they were very 
much reduced; and, in view of the fact that a general effort 
is at present being made to clear out all trees and especially 
groves so as to produce large open fields, it seemed advis- 
able to make a careful study of the influence shelters of 
various sorts had exerted upon the fields during the winds 
of the present season, and so, under Prof, Henry's direction, 
the work was taken up at Plainfield on May 29th and four 
days given to a careful study of the existing field conditions 
for a radius of 3 miles about this place and about Almond 
in Portage county. 
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The observed facts are here briefly recorded, mainly in 
the order they were noted, to show the extent of injury 
which did result from winds under the present system, and 
to show what improvement may be hoped for under the 
system to be proposed. 

1. A fielJi of clover, seeded last year, shows a much 
thicker stand and better growth on the east side of a board 
fence for a distance varying from 20 to 40 feet. 

3. On a field of hilly ground sowed to oats in drills north 
and south, the hollows and hill sides have suffered much 
less than the summits, and the eastern slopes are in far 
better condition than the western and southwestern sides. 

3. Lying to the eastward of a field.of clover, seeded last 
year, is a piece of oats seeded to clover, and here the catch 
is very much better close to the grass, and is evidently so 
as far out in the field as two rods. 

4. A north and south road fenced with wire and two rods 
wide has scattering trees from ten to eighteen feet high 
together with a scanty growth of hazel on both sides. To 
the east of this is a field of oats badly damaged by the 
winds at a distance from the shelter, but a atrip two rods 
wide adjoining that seems wholly to have escaped injury. 

5. From a field of oats to the west of the last the sand 
has drifted into the road until it has a mean depth of perhaps 
twelve to eighteen inches and in places it is fully thirty 
inches deep. Sand has even stopped out in the field to the 
westward for a distance of ten to twenty feet so as to en- 
tirely bury the grain, and this too is a. uoarse sand which 
the wind has rolled along the surface after carrying away 
all of the finer and more essential portion. 

6. The western field referred to in 5 lies to the east of a 
piece of timothy in which there is a large growth of dock 
sorrel and along the whole western side of this oat field for 
a distance of fully 200 feet there is a good stand, while the 
eastern half, thirty rods in width, is almost wholly blown 
away. It should be said, however, in this connection that 
the ground rises eastward and that the character of the soil 
changes somewhat, and to these factts a part of the strong 
contrast is due. 
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7. In the grass field referred to in 6 the stand is very 
much better and the growth more rank on a strip 20 feet 
wide on the north side of a rail fence than it is farther 
away, and the same thing is true on the east side of another 
rail fence, though the contrast is not as marked. 
, S, Another field of oats, having grass to north and west 
of it, has a^strip of apparently uninjured grain 100 feet wide 
adjoining the grass, and in the northwest comer the pro- 
tected area has a width of fully 200 feet as shown in Fig. 29. 
Figs. 30 and 31 show the condition of the ground on July 
17th. 



CUT r^R CL"VtR 
LAST YtAO. 



FlQ. .80. —Showing protected 




9. A field of oats lying to the northwest of the last has 
been so thoroughly ruined by the wind that fully five-eighths 
of it has been harrowed over again to fit it for potatoes, 
but along the south margin of the field, for a distance of 
150 feet from a rail fence, the stand of oats is very good 
and they have not been disturbed, and on this strip the oats 
improve in quality the closer the fence is approached. 
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Fia. 3a.-SliowlD(;conditlonof ottMOEunproleptedarBaoftig. 30 July IT. View taken S(» 
teeC east of &g. 31. 
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There was a piece of grass on the west of this field at the 
time of the wmd, but which has now been plowed, and 
along the mai^n of the grass, for a distance of 200 feet, the 
quality and stand of oats is much better than farther away; 
and the same fact is observed regarding another field of 
oats lying to the east of a close fed level pasture free from 
trees and shrubs, 

10. On May cOth I exeunined the country to the southeast, 
south and west of Plainfield, and in the first field of oats, 
which had a piece of clover and timothy against it on the 
west, and a field of woods 60 rods still farther to the west, 
the catch of clover is excellent on a belt 200 feet wide along 
the grass, but farther to the east there is scarcely a clover 
plant to be seen and the oats here are very much injured. 
It should be noted, however, that this field rises gently to- 
ward the east along its northern half where the oats are 
most injured, and this c ifference in topography is probably 
in part the cause of the greater destruction there. The 
southern half of this field of oats is on new ground against 
which, on the south, there is a heavy growth of trees in a 
wide grrove, and here there is a fair stand of clover through- 
out, but the catch is better on the west side, and , 
yet on this section the ground does not rise toward the east 
as in the case to the northward. 

11. A level field seeded to clover and timothy last year 
is bounded on the north by a road and a strip of woods. 
Here the clover has a much thicker stand and ranker growth 
in a belt along the north side than it has to the southward. 

12. I notice everywhere that even small differences in 
topography exert a marked influence on the stand and 
growth of clover, which is one or two years old, the clover 
being best in the depressions and poorest on the higher 
ground even when the difference in level may not be greater 
than two or three feet. 

13. The southern half of field 11 has been plowed this 
spring because there was bo poor a stand of clover upon it, 
but across the east end, adjoining a strip of grass and hazel 
the clover is good for a width of twenty feet, and this por- 
tion has been allowed to stand. 
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14. Another piece of seeding now two years old and 
which was cut last year for clover seed has a width north 
and south of thirty rods and a length four times as great 
Lying to the north of this field is a piece of wild land which 
has been covered with small scattering trees, but which the 
present year has been plowed. The grass field in question 
slopes gradually southward and in a strip along the 
northern margin from 130 to 180 feet wide, there is now a 
fair stand of clover, while to the southward only timothy 
is to be seen except in the slight hollows which occur here 
and there. 




Fis. IS.— Sbowlns the protected areas aa described In paragraph 16. 

The western end of this field has a strip of unbroken land 
joining it but upon which there are no trees; here a stand 
of clover nearly as good as that noted on the north side, 
stretches entirely across the piece and having a width of 
perhaps 75 feet. 

15. I come next upon a field of oats, sowed with a drill 
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and seeded to clover, frhich has the form aad surroundings 
indicated in Fig. 33. The greatest length of this field from 
east to west is about 80 rods and from north to south 120 
rods. The margin in which the clover has not suffered 
seriously is about two to six rods wide and has the greatest 
width where in the fie^ure the designation is "best catch 
of clover." 

16. I cross now the nearly level and unreclaimed lands to 
the southeast of Plainfield on which there is at present 
only a scanty growth of small oaks with insufficient grass 
to cover the soil. On this tract plans are being made to 
clear large fields for potato culture. 

17, A field in this tract, 600 feet wide from north to south 
and 800 feet long has been cleared and sowed to spring 
wheat, but it has drifted so badly that on the eastern mar- 
gin are to be seen sand drifts ten to twelve inches deep, 
and this, too, when surrounded on all sides by unreclaimed 
lands. 

J^The west and north margins of this field had received a 
considerable protection from the unreclaimed land as will 
be seen from an inspection of Fig. 3i. 



Flu. 34.— Showtne the efTect ol proteotlon referred to In paragrlph 17. 

18. Passing now to the southwest of Plainfield I come up- 
on a field of oats seeded to clover, which is 80 rods long by 
30 rods wide, and having the railroad on its east and a 
wagon road fenced with wire on the west. To the north of 
the east end of this field is another, also sowed to oats, bu 
of earlier seeding. Other surroundings of this field are in- 
dicated in Fig. 35. On the unshaded section the oats are 
practically all gone from both the earlier and later seeding, 
and on the light shaded section not more than 60 per cent. 
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>ats are left and the clover is all gone. But on the 
shaded area along the road and adjacent to the piece 
which was plowed after the worst wind, the oats are 
id there is a fair catch of clover. 



WOODS 




Tbe arrow indicates the dli 



g the railroad the sand has drifted upon the track 
fes deep, and along the wire fence which makes the 
■n boundary of the field, the sand has drifted until it 
a high ridge along the unshaded area, and this has 
learance of having been formed, in part at le^t, 
ine earlier than this spring. 

nother field lying to the west of the last has been so 
Irifted that certainly less than 20 per cent, of the 
e left standing on the unshaded area. Fig. 35. This 
>o shows evidence of having drifted badly under a 
est wind in earlier years, for all along the margin 
woods designated in the figure the sand has drifted 
ong the fence and the drifts extend fully 12 feet in- 
woods. Beyond this piece of oats very level un- 
fields stretch away to the southwest for a distance 
i than one and a half miles. 

ying still to the southwest of the last field is a 40 
ece of oats over large portions of which from two to 
Qches of soil must biive been completely swept away, 
t these areas now have the appearance of being 
i with a coarse sand and gravel soil. Pushing the 
; sand away you come upon the usual sandy loam 
ocality, and this makes it evident that the surface 
g of sand and gravel now to be seen is composed of 



AGKICULTUftAL EXPBBIMBNT STATION. 



301 



the coarse grains which are- mingled with the ordinary soil, 
but which are left behind as the winds bear the finer grains 
away. 

This field has a piece of woods lying on its northern side, 
and south of this shelter for a distance of 150 feet there has 
been this year no drifting. 

31. A field of oats lying east of a field of cnrn stubble, 
unplowed, appears to have received much protection from 
it for the whole eastern half of the field is swept away while 
the western half still has a fair stand of grain, and this is 
better the nearer you approach the corn stubble. Portions 
of the corn stubble are thickly overgrown with dock sorrel, 
and to the leeward of these portions the oats are best. 

CPENFELDa I \?JXOED PPSTU^ 



Fia. 36.— Shoving the proWctiou alToi 




r %'i. Two other fields lying, one east of corn stubble and 
the'other east of oat stubble overgrown with sorrel, have 
each good stands of oats on their western halves while on 
the 'eastern halves the oats are all gone so that the ground 
is now bare, 

?3, A field of winter rye now headed out and lying to the 
south of a piece of woods has a much thicKer stand and 
better growth in a strip 30 feet wide along the margin of 
the woods. Here the rye is 6 to 8 inches higher than it is on 
other portions of the field. 

24. Coming next to a field of oats some 60 rods from east 
to west and 30 rods north to south, lying east of a piece of 
woods, we find its whole eastern two-thirds so completely 
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Fis. S7.— SbowlDit saod drtfCed from a flfid of Kraln. 



FiQ. 18.— ShowtDE the (rove lotlueDciiig tfae raM ot eTaporatloo recorded on page OO. 

ii.»i.z.oo, Google 



Aghicdltobal Experiment Station. 



— showing a duet cloud over ■ eora neld Jiinel, IB9J. The lopegrjuud ihowi 



Fin. 40.— riOoklDEeastacroa theconifleldot flg. n.betneengDiEsoCiriad. 
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Fin. 4t.— BhowlDK the nmture oC tbe surFace ot the drirtlng eorufleld oC flgs, S3 and M. 
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ruined that it is scarcely more than a naked field while the 
western third is fresh and green. 

25. Another piece of oats seeded to clover and lying on 
the south side of a wooded pasture has a length of 80 rods 
from east to west, but a width of only 15 rods; this field is 
fresh and green throughout its whole extent and has a good 
catch of clover but the catch is beet and thickest in a strip 
tnree rods wide alongthe wooded pasture. This field is re- 
lated to the last as indicated in Fig. 35, the two corners 
being not more than 10 rods apart, and both the topography 
and soil identical so far as the eye can see. 

26. An 80 acre field with its long axis north and south, 
lying west of Plainfield, has suffered worse than any yet 
visited. The southern two-fifths of this field had been 
sowed to oats and seeded to clover and the northern two- 
fifths had been seeded to clover alone; between these two 
fields was a piece of seeding of three years' standing which 
was being plowed for potatoes. The only green thing left 
on the two portions of this field was a small patch of oats 
sheltered by the farm buildings and a field of grass back of 
them, which together occupied the southwest corner of the 
eighty. A lane about two rods wide fenced with two 
boards below and wire above and lying along the east side 
of the field is drifted full of sand to the level of the top of 
the boards. The exceptional force of the wind here is due 
to the fact that a wide stretch of level, open and treeless 
fields extends for a long distance to the westward. 

27. Another field lying to the east of the last and longest 
from east to west is entirely swept clear of its crop of oats 
except on its western end where it was slightly sheltered 
by the fences of a narrow lane, and two other fields, ly- 
ing still farther to the east, have been similarly devastated, 
each having grain remaining only on the western end. 
Fig 36 is a photo engraving showing sand drifts formed in 
this locality. 

28. Passing now to Long Prairie in the vicinity of Al- 
mond, Portage county, it may be said in general for thi 
section that while the effects of the wind have not been ftB 

20 
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hey have been about Plainfield jet here, even on 
I having the beat soils in the best condition, the 
ve effects are very evident and especially upon the 
of clover. 

acre field bounded on the north by 40 acres of 
strip 100 feet wide of spcond or third year seeding 
ly and clover has been held in grass, while the rest 
Id is sowed to oats and wheat mixed. On this strip 
all the clover has been killed out except in a belt 
ide close to the woods, showing that in some man- 
I as well as at Plainfield, the shelter of the woods 
larked influence upon clover. Out in the field the 
B been much injured by the winds, the eastern half 
Id being damaged much more than the western 

another field lying east of one not plowed at the 
the wind and which has a board fence on its west 
I very marked difference in the stand of both oats 
er to which the piece was seeded. Certainly not 
n 50 per cent, of the oats remain on the eastern 
Is and almost no clover, while on the western third 
d grows gradually better as you near the fence 
»th are in good condition. 

another field seeded last year to clover and at the 
ime in pasture the stand of clover is much better 
I along the fences on all sides; and in an adjoining 
led two years ago to clover, lying east of a road, 
a both sides with boards, the clover is all gone ex- 
strip two rods wide along the road. Still another 
aing the last on the north and lying east of a three 
ice, has no clover except in a belt from 16 to 20 feet 
Qg this fence. 

B next three fields visited werff GOived to oats and 
» clover and each field was border*, r' on the west by 
grass. The soil in each of these fields is hevier 
al, slightly lumpy and the drifting had not been 
o cover up the drill marks which extended north 
h. On these three fields I counted the number of 
over plants on equal areas at different distances 
L;.>„l,zetoyGo0^^lc 
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from the grass lands with the results g 
below. The seedinj; of the first two fiel 
the last very heavy. The method of coun 
ure off 20 paces and then count the numbt 
between three drill rows in that space for 
lighter seeding and between two drill row 
heavier seeding. 



Table showing the catch of clover at va^rging dUtam 
grass land. 





AtWft 


First 


187plal 

aoupiai 

IKpla 

B74pla 


SecoQdco nt 








Field So. 3. 




»,„.. 


««,eot. 


400 feet. 


SDDta 


nret count 

SecoDdcoant 

Third count 


ra plants. 
M plants. 
W9 plants. 


56pl«ttta. 
109 plants. 


43planta 
replants. 
7.. plants 


67pla 
66pla 
Mpla 


TO*"' 


ST7 plant! 


lOS plants. 


ISBplfl 


Field so. >>. 




■»'- 






t 




Third 


371 pis 









These figures appear to show that th 
tends geneally to decrease as you progre 
the fields and that it is best on the westen 
the grass. When it is borne in mind th 
not drifted, the natural inference is, thi 
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stand of clover as you pass eastward across the fields must 
have been due to an increasing drying action of the winds 
which caused most of the plants to wither, and these specific 
observations are in harmony with most of the facts recorded 
regarding the preservation and destruction of fields of 
grain. 

33. The next field visited lies to the north of an east and 
west belt of trees a mile or more in length, from eight to 
fifteen rods wide and in which the trees attain a heighth of 
thirty to fifty feet. It is on the south side of this wind 
break at a distance of forty rods that field No. 3, just re- 
ferred to, lies, and to it, in my judgment, the very excellent 
stand of clover there noted is partly due. The field now 
entered has a width of sixty rods from east to west; and 
while there is a thick stand of clover in the oats for a distance 
of three rods to the east "^f a slight hazel hedge along the 
fence, beyond this there is scarcely a plant to be seen. 
This field slopes very gently to the northward, and as the 
northern margin of the field is approached more clover 
plants are seen and the stand becomes fair again along the 
north side. 

33. To the northeast of the last is a very large field sowed 
to oats, broadcast, and seeded to clover. Here the catch of 
clover over the whole field is very poor, but there can be no 
question about the stand being better near the east margfin 
of grass fields and along both the east and south sides of 
fences even when these are wire and have only a narrow 
strip of blue grass along them. In the northwest corner of 
this field is a piece of old seeding in which the only clover 
to be seen is found in a strip two rods wide along the 
fences. 

34. In a field to the west of this last is a similar piece of 
old seeding in which all grasses are better along the fences 
on the north, west and south, and the only clover plants to 
be seen are in a marginal strip from 4 to 6 rods wide along 
these fences, and the same remarks apply to still another 
field where a belt of clover is to be seen on the south and 
east sides of two fences. 

35. Traveling westward across a field of old seeding, 60 
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to 80 rods wide, not a single 6tool of clover is aeen until 
within 12 rods of the western side where there is a fence 
composed of two boards at the bottom and three wires 
above, and here there is a stool of clover on the average 
every 10 feet square. 

INFLUENCE OF WOODS, GRASS-FIELDS AND HEDGE-ROWS ON 
THE RATE OP EVAPORATION AND AMOUNT OF MOISTURE IN 
THE AIR OVER FIELDS TO THE LEEWARD OF THEM. 

An effort was made, by direct experiment, to measure 
the influence of woods, grass fields and hedge rows on the 
rate of evaporation at different distances to the leeward of 
them on clear bright days. 

Influence of woods on the rate of evaporation to the lee- 
ward. — To study the rate of evaporation at different dis- 
tances from groves, six evaporometers were used made 
after the plan of the Piche evaporometer but with the eva- 
porating surface much larger while the graduated tubes 
were the same size, the object being to make the instru- 
ments more sensitive. 




Tta. 43.-8howlDt: 



Fig. 43 represents the instrument. Sheets of chemical 
filter paper were used as the evaporating surfaces; all from 
the same package and having a diameter of 5.9 inches; this 
gave an area, after deducting that covered by the grad- 
uated tube, of ^7.06 sq. in. 
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e first experiment was made to the northwest of Plain- 
on a piece of ground planted to corn, Ijintc to the south 
frove of hlack oaks having a mean height not far from 

15 feet, At the time there was a gentle breeze from a 

west of north. The instruments were all suspended 
leight of one foot above the surface of the ground and 
eltered in any way from wind or sun, and in the first 
they were placed at intervals of ^0 feet along a line at 

angles to the south margin of the woods. The amount 
aporation at the six stations between 11:30 A. M. and 

P. M. is given in the following table: 



ion "A- 


sa feet from woodg the 


evsporatlon wa, 


Ion -'B 


4a feet from woods tho 




iOD -C- 


eo feet from wooditbe 




ion "D 


80 feet fmrn woods tiie 


evaporation wai 




ICO feet from woods tb 




ion"F 


ISO feet from woods th 


BvaporBtion w 



ese results show that there was very little difference 
le amount of evaporation between 20 feet from the 
Is and 100 feet, but at 120 feet away the evaporation 
1.9 GO more in 50 minutes than it was at 20 feet from 
roods, or a difference of 17. a per cent, 
ree of the instruments were now set farther out in the 
and then the results stood as below: 



a "A" SO feet from wood* the evaporation w 
a -B" 40 feat froju woods the evaporation w. 
n "C" SO feet from woods the evaporation w 



1 "D" 3£0 feet from woods the eTaporetion was 
. "E" 800 feet from woods tbe evaporation waa 
1 "F" aao feet from woods Che evoporalion was 



ese are the amounts of evaporation in one hour and 
show that the difference between 20 to 60 feet from 
voods and that between 2S0 to 3i0 feet, was 

43.4 — 35.0=8.4 CO. 
this is 24. per cent, greater evaporation at the three 
r stations than at the three inner ones. Fig. 38 shows 
jrove against which the observations recorded above 
> made. 
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On May 31st another trial was made in the toi 
mond, to the south of an oak grove 80 rods sqi 
field sowed to oats and wheat mixed. Here th 
strument was placed 20 feet from the margin of tl 
the second 100 feet distant, the third aoo feet, ■ 
first two instruments stood upon ground nee 
year to clover and timothy, but only timothy was 
where the second instrument stood. The grain 
field had a fair stand where the observations w 
and was about four inches high. There was at t 
fair wind from nearly due north and the day w 
As in the former trials the evaporometers were si 
at a height of one foot above the ground and 
sheltered in any way. The following table espi 
results obtained: 

station "A," 29 teet from woods, the eTaporation was 
Station "B." 10) ttet, froni woods, the eraporatloD Wfts 
station -'C," 200 foot from wooda, the e'aporation was 
Station "D." SOO feet from woods, the evaporation wae 
Station "E,"<00 teet from woodg, the evapora'-lon ww 
Station "F." 50) teet from woods, the evaporation was 

From this table it will be seen there is an ii 
amount of evaporation until 300 feet from the 
reached and that beyond and including this th 
practically the same, but at 300 feet the evaporati 
per cent, greater than at 200 feet and tJO.G per cen- 
than at 20 feet from the woods. 

Influence of a hedge row on the rate of evapo 
the leeward. — On May 30th three of the instrumt 
set up to the south of a very scanty hedge row, c 
of a strip of blue grass sixteen feet wide in which 
scattering black and burr oaks from six to eigl 
height, with a few attaining a height of 12 fe 
hedge has very many open gaps in it, and the fir 
ment is set up behind a clump of six trees, sp 
length of forty feet, there beinc; a gap of nearly 
width on both sides of it. To the north of this, 
rection from which the wind was blowing, there i 
naked field being planted to potatoes, which has 
of about eighty rode, while the instruments hui 
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f oats in which the grain was about four inches high, 
the instruments were set up it became cloudy and 
led a very little, at times, the wind being from a 
last of north, rather strong £>nd chilly. Here again 
istruments hung one foot above the surface, and the 
i obtained are given below. 



n bedge. Mie evagioratioii vaa 



3 it will be seen, the evaporation at 300 feet from the 
row was SA cc, or 30.1 per cent, greater than at 20 
istant, and at 150 feet the difference was .9 cc, or 
■ cent, less t^ian at 300 feet. It is evident enough, 
ore, that even suuh a hedge row does exert an in- 
e upon the rate of evaporation which is readily meas- 

ifnce of a clover field upon the rate of evaporation to 
icard of it. — At the same time the last experiment 
eing conducted, three other instruments were set up 
leeward of a field of clover whose dimensions were 
;i from ease to west and ^80 feet from north to south; 
aporometers hanging above the same field of oats, 
are the results obtained here: 

n ''A, aOfwt from clover, Bvuporolion «■««...., 9.3 cc 

n "R," 150 feel from clover, evapoFBliuu was IS.l cc 

a "C," 300 ftet from clover, evaroratlOQ Kas 13.0 co 

3 again there is a very evident influence exerted up- 
rate of evaporation at different distances from the 
E clover, the evaporation at 300 feet away being 

13.-9.3=3 7cc 
'8 per cent, greater than at 30 feet away, and 
13. —12.1 = . 9 cc 
per cent, greater than at loO feet away, 
ill be observed, too, that the rate of evaporation at the 
stations to the leeward of the hedge row where the air 
a long way across the naked potato ground was 
r in each case than it was from those to the leeward 
clover field, the differences being as given below: 
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Btatlon A. 
Wteei. 


StatiDD B. 


Station C, 
SOOreet. 


Hedgerow 


lO.a 


12.1 


,.., 






»"'*"''=« 


1.0 


■^ 


■' 



That is to say, the rate of evaporation over the oat field 
where the air crossed the naked ground and passed through 
the hedge row was 10.3 per cent, at iO feet, 3.3 per cent, at 
150 feet and 3.1 per cent, at 300 feet greater than it was at 
corresponding distances to the leeward of the clover field. 
Now ihese results are in complete accord with nearly every 
one of the observations recorded on the preceding pages 
where the best stand of grain, grass and clover are found 
to the leeward of woods, hedge rows, grass fields and 
shelters of other sorts. 



THE EFFECT OF WOODS ANJJ GRASS FIELDS UPON THE AMOUNT 
OF MOISTURE INTHEAIR AT DIFFERENT DISTANCES TO THE 
LEEWARD OF THEM. 

At the same time the observations just recorded were 
made and in the same localities, readings of the wet and 
■dry bulb thermometers were taken as an indication of the 
amount of moisture in the air at different distances to the 
leeward of the shelters in question. 

The readings taken at the two groves described above 
are given below and were made with two thermometers of 
Henry J. Green's make which are graduated to tenths of a 
degree centegrade. The observations were made in the 
open air after swinging the thermometers rapidly to and 
fro at arm's length one minute at a height of three feet 
above the surface of the ground. The results here given 
are the means of ten readings taken alternately thirty feet 
and 300 feet to the leeward of Grove 1 and in regular ro- 
tation at Grove 2. 
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'ring Ike amount of mo in tare in the air to the leeward of two- 
groves. 



loce from Brove. 


lng^ degrees 


Mean wee 
bulb read. 

' F. 


Dew DoLnt. Relative hu- 




63.8 


4S>4li 


80 


I 


^,».„> 



:s.oi 


».» 


41,6 


7S.13 




44.0 


7* OS 


55 81 


13.3 


71. « 


55.13 


40.6 j 


78.83 


csea 


SB.a ' 


73.31 


HM 


.... 



able shows that the amount of moisture in the air 
ral decreases as you recede from the grove until 
feet is reached, and this of course should be ex- 
rom the variations in the rate of evaporation which 
in recorded; the rate of evaporation, however; de- 
. part upon the velocity of the wind, and this too 
urease as the distance from the grove increases up 
lain limit. The chief value of the data given in the 
e lies in the confirmation they give to the general 
ion that groves do exert an influence on the mois- 
the air to the leeward of them, which is readily 

i date at which the rate of evaporation was studied 
eward of the hedge row and clover field the wet 
■ bulb thermometers were also read at the south 
the clover field and also on the potato field just 
le air passed through the hedge row, and below are 
e means of these readings together with the dew 
nd relative humidity in each case. 
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Drybnlb. 


WM bulb. 


D.WP, 




BS.4S'' F. 

B3.8»* F. 


it.K' F. 
4S.B7'> F. 
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._. __ 



Here, too, the clover field, which was giving 
the air moving over it, was pouring out enoug 
the naked field by the side of it to be readily 
this method of observation, and I have no doul 
fiuence growing crops on these soils at such cri 
as are here under consideration. 



MEANS OF PREVENTING THE DEgTRDCTJVE EFFEC: 

The field observations here presented and 
mental data obtained make it very certain th; 
tructive effects as have this year been esperien 
shara and Portage counties can be prevented 
in a very large measure, and this, too, by sim] 
paratively inexpensive measures. It is the pui 
briefly outline some of these: 

1. Frequent rotation in long, narrow lands. 
that large fields, other conditions being the san 
ered this year much more than smaller ones; 1 
woods, grass-fields, hedge-rows, fences and 
fields have offered a marked protection to hot 
spring grain when growing to the leeward of 
coupled with the fact that groves, grass-fields 
do exert a measurable influence upon the rate 
ation to the leeward, make it practically certai 
light soils here in question are cultivated in 
lands not wider than 15 to twenty rods, alter 
similar strips of grass, which if possible shou 
clover, such destructive effects as were th: 
perienced could hardly be repeated — certain 
much as one quarter of the intensity. 

Long continuous fields of dry, naked, «and; 
■weather have a peculiar effect upon the air cur 
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inff across ttiem. The sand itself becomes very hot and 
greatly expands the air coming in contact with it, mak- 
ing it relatively lighter than the colder much more rapid 
current of air sweeping along above, and the result is, the 
warm air suddenly blisters, as it were, and being lifted 
from the ground, a cold current of rapidly moving air from 
above strikes obliquely upon the surface, raising a cloud of 
fine duat into the upper swifter current in which the parti- 
cles are borne away, while the coarser grains are rolled 
along the surface until the air is slowed down by its friction 
upon the ground. This air coming down from above has a 
peculiar parching effect, too, for it is naturally dryer than 
the ground air and striking the hot soil its parching power 
is greatly augumented by the heat it bo receives. 

Grass covered surfaces and damp soils do not become 
overheated as the dry sands do, and the result is, during 
windy times, the air moves across them in a more steady 
and less turbulent manner. These being the conditions, it 
is evident that by cultivating the sandy soils in question in 
alternate narrow strips, with grass between, the first effect 
will be to lesEen the turbulent character of the surface 
wind, and then when the "blistering" referred to does oc- 
cur, it is most likely to take place near the windward edge 
of the grass strips, so that when the rapidly moving upper 
current comes down with its oblique trust it is likely to 
either strike first upon the grass or else to pass quickly up- 
on it where, instead of being heated and rendered more 
parching, it will become more moist, and at the same time 
cooler before passing upon the next naked strip. 

In whatever direction the narrow fields are made to ex- 
tend, they must have a tendency to counteract the liabihty 
to drift, but the fact that the observations in the many 
fields examined show the best stands of both old and new 
seedings to clover, and the best stands of spring grain are 
to the east and south of shelters of all sorts, and especially 
to the east of grass fields, hedge-rows and groves, makes it 
appear that, generally, it would be better to extend the 
fields north and south rather than etist and west. The 
general fact, too, that winds which come to this section 



Agricdltukal Experiment Station. 



317 



from a direction to the west of a north and south line are, 
usually, more drying, stronger, and of longer duration than 
those which come from the south of an east and west line, 
also indicates that in most localities the strips should pref- 
erably extend north and south. 

The difficulty of cultivating corn and potatoes in rows 
both ways should have no weight against the handling of 
long narrow fields, because the extreme ease with which 
the soils in question are worked and the perfect safety in 
cultivating them almost immediately after even heavy 
rains, make it possible, when the method is understood and 
the habit fixed, to tend both corn and potatoes with much 
less labor when rowed only one way. 
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FiH. 44. — Sliofriog plao of rotation to aToid drifting. 

There are so many individual conditions which enter into 
the general problem of rotation that it is not practicable to 
devise a general plan which would be applicable in individ- 
ual cases except in particular instances. It will be helpful 
however, to consider a plan that could be adopted under cer- 
tain conditions by way of suggestion, and with this in view 
Fig, 44 represents 160 acres of land lying in a square, which 
has been divided into narrow fields, north and south, with 



jtOyGOO^^IC 



Eleventh Anndal Report of the 



,rm buildings at A. In this case it is assumed that 
i small amount of stock will be kept and that potatoes 
le chief crop. It will be seen that the quarter section 
ctically thrown into 20 acre fields each 20 rods wide 
60 rods long, but that all of the fields are divided 
wise in the center by a roadway or lane. On the east 
iihere the farm buildings are located two of the fields 
irown together for pasture purposes and these form a 
n of rotation by themselves, while the remaining ones 
a second system. 

! aim of this rotation is to always have in the spring 
d of grass to the west of those which are to be sowed 
lin and seeded to clover, and this is secured by always 
[ng potatoes or com on clover sod, for the latter go- 
I later in the season allows the clover to stand as a 
ition while the grain is getting started when the most 
IS damage is done and at the same time furnishes a 
manure to nlow in to increase the humus of these soils, 
ich they are naturally so deficient. The pasture rota- 
lontemplates a strong windbreak along the west side 
permanent protection which may allow these fields to 
a greater width so as to avoid having so much fence, 
fill be seen that this system of rotation may also be 
?d to SO acres by having 10 acres always in pasture in- 
of 20 acres. So, too, it could be applied to 40 acres by 
g 5 acres always in pasture. 

;he table below are given the number of acres which 
he devoted to the several crops each yearr 
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Of course this assumes no waste land and does not take 
into the account the land occupied by the farm buildings 
■or fences. 

2. Increasing the water-holding power of the soil. — It is 
the small water-holdinK power of these soils which is at once 
the cause of this drifting, and the extreme difficulty in get- 
ting and maintaining a good stand of Clover, and it should 
never be forgotten that the more these fields are allowed to 
lirift the less their water-holdins; power becomes and the 
greater the tendency to drift in succeeding years. When 
the strong winds are on and drifting occurs the finest of the 
fine particles are lifted high in the air and borne perman- 
ently away, only the coarsest of the fine particles falling 
in the woods and sheltered places of adjacent fields; and 
yet it is the finest particles which are by far the moat im- 
portant, in increasing the water holding power of the soil 
by giving a broad surface to which the water may adhere. 
This will be readily understood from what follows: Take 
a spherical pebble 1 inch in diameter; it will just slip inside 
a box one inch on aside and will hold a film of water 3.H16 
■square inches in area. But taking pebbles .1 inch in diam- 
eter and 1,000 of them, having an aggregate surface area 
of 31.41G square inches, will be contained in the same cubic 
inch. If, however, the soil particles are all spheres .01 of 
an inch in diameter there may be placed in a cubic inch 
1,000,000 of them, and their aggregate surface area will be 
314. 16 square inches. 

Supposing again the soil particles to be spheres all having 
a. diameter of .001 of an inch it will requere 1,000,000,000 of 
them to fill the cubic inch and the aggregate surface of these 
-will be 3,141.59 square inches. The finest soil particles do 
have diameters which are less than .00001 of an inch and 
the number of these per cubic inch is one billion million, 
having an aggregate surface of 314,159 square inches, equal 
to 2,181 square feet, or about one-twentieth of an acre. 
Now when it is remembered that the water which the roots 
of plants use is, in a very large degree, that which simply 
adheres to the surface of soil grains, the importance of a 
large soil surface can be appreciated and also the great 
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need, on tbe»>e soils naturally so deficient in fine particles, 
of adopting such means as will prevent the fine dust from 
being carried away by the winds. Each time the 
field is plowed, each time the soil is stirred, more of 
the finest particles are brought to the surface where the 
winds may carry them away so that the natural tendency 
is for these soils, if allowed to drift, to become coarser, less 
able to retain water and more subject to drought. But this 
tendency brings in its train increased losses in three other 
important directions. The weathering action of moist clim- 
ates has a constant tendency to break down the stones, gravel 
and coarsest soil grains into the finest dust, but on open soils 
and especially where the subsoil is gravelly the heavy rains 
in their rapid percolation downward tend to carry these 
deep into the ground where th^y are lost to the agriculture 
of the present time, and >et it is these very particles which 
in all soils absorb and hold for the roots of plunts the sol- 
uble substances so much needed. Then again in open soils 
like those in queetion, when they are allowed to become 
dry and hot the organic matter tends to completely oxidize 
and fail to form the dark humus which is so distinctive a 
feature of fertile soils in all humid climates. These being 
the facts it must be evident that whatever augments the 
drifting of these soils should be avoided, and that in hand- 
ling such soils as these factors and methods which would be 
insignificant on the heavier soils muit here be recognized as 
of great moment. I have found, for example, with columns 
of sand eight feet long and of five degrees of fineness, when 
filled with water and allowed to drain, that that which 
passed through a screen of twenty meshes to the inch and 
would not pass through one of forty, lost in twenty-four 
hours 65 per cent, of all its water; one which would pass a 
screen of forty meshes, but was held by one of sixty to the 
inch, lost G 1. 6 per cent.; a third which passed a screen of 
sixty meshes, but was held by one of eighty, lost 55.8 per 
cent; one which passed through a screen of eighty meshes, 
but was retained by one of.lOO, lost 38.2 per cent., while the 
one which passed through a screen of 100 meshes to the 
inch lost S9.3 per cent, in the same time. The coarsest sand 



,.0y Cookie 



Agricultural Experiment Station. 821 

here considered Ib about like that which is left on the fields 
where they have drifted badly, while the finest sample is 
more open than the natural undrifted soils of tbe region in 
question. 

The gteat advantage of farm-yard manure and of green 
manuriog on these soils comes as much from the tendency 
which organic matter has of increasing the water-holding 
power 83 that the summer rains do not run away downward 
eo rapidly, as from the other plant food which is supplied, 
important as that is. 

Tbe plowing in o' gretn clover and even of the dock sor- 
rel which comes up where tbe crops have failed helps to 
increase tbe buraus and tbe water-holding power, and so to 
stop tbe drifting. Tbe clover gathers large quantities of 
carbon from the passing air, which, when plowed in, be- 
comes the humus so much needed; tbe potato crot> oq the 
contrary gathers but little for its top is very succulent and 
contains little dry maitfT. 

Frequent rotations then, sut;b as have been suggested, 
are, on these soils, very essential, not jimply to stop drift- 
ing through the protection offered by their mechanical ef- 
fects upon tbe winds, but because they offer the only practi- 
cable means of keeping the humus of these soils up to an 
economically productive standnrd. 

3 Leaving the ground uneven after seeding — The 
smoother the gr und is left after it has been worked the 
greater is the velocity of tbe wind close to tbe surface and 
the greater the velocity of the wind close lo the surface the 
greater is its power to take up and carry away the soil 
particles. 

Measurements of the velocity of the wind made on rolled 
and on unrolled ground at the Station farm give the fol- 
lowing resulls: 
21 
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Surface velocity of air. 





Od rolled 
ground. 


"g'^d. 


Difference. 


Serleil-MeMTeloclljpermlo 


«8reet. 

era reet. 

m feet. 


wsreet. 
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zn feet. 


assteet. 
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m reet. 
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Here it will be seen that the velocity of the air over the 
smooth ground was more than 40 per cent, greater than it 
was over the roaifh surface, aad this being true its power 
to dry the soil, to wilt and kill young clover plants and to 
pick up and carry away the fine particles of soil is much 
increased. 

While at Almond on May Slst there were two fields which 
were drifting badly under a moderately strong wind, and 
one of these the writer visited. This field had been planted 
to corn and when marking it the runners had cut so deeply 
into the soil as to allow the t«.,p of the marker to smooth 
the surface much as if it had been rolled and the field had 
not since been harrowed, A slight crust had formed over 
the smooth surface and the corn was from one to two inches 
high at the time. So great was the cloud of dust raised 
from this field by the northwest wind that, looking across 
it toward the east, not an object on the horizon could be 
seen, and Fig, 39 is from a photograph taken at the time, 
while Fig 40 is a view taken looking in the same direction 
across the same field after the cloud bad subsided between 
gusts of wind. 

Adjoining this cornfield on the north and across which 
the same wind passed before reaching the drifting field was 
a piece of ground planted to potatoes, but with the surface 
left uneven and here no drifting was appreciable, and the 
same thing was also true of a cornfield adjacent to the field 
of potatoes which had been harrowed after planting. Figs. 
41 and 4a are photo-engravings which show the -difference 
between the surfaces of the two fields, one of which was 
drifting while the other adjacent to it was not. It will be 
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seen that the coarse sand has drifte'i into the marker tracks 
in many places completely coverinK the corn, while the fine 
material which was associated with it has been swept 
away. On the other field no sign of drifting can be seen. 

While the drifting was in progress the writer had the 
owner bitch to his harrow and harrow a strip across the 
field, the effect of which was to stop the drifting at once 
wherever the soil was stirred. These observations indicate 
that sowing the grain with the drill north and south would 
have a tendency to lessen very materially not only the 
drifting but also the parching of the young clover plants, 
and that under most circumstances the surface of the fields 
should not be left smooth. 

I am told by Mr. Fred Frost of Almond that a farmer be- 
tween that place and Waupaca went over his grain fields 
with a heavy roller while they were drifting badly, and that 
he thinks it saved his crops. In the face of the facts here 
presented this statement appears strange and the surround- 
ing conditions and the character of ihe soil need to be 
known before it is safe to ascribe the saving of the crop 
to the rolling. However, in view of the fact that there had 
been so recent a heavy rain and, if this soil was especially 
loose and open, it is not impossible that the immediate ef- 
fect of the heavy roller was to bring enough moisture back to 
the surface, for the time, to counteract the drying effect of 
the greater velocity of the wind and to prevent tKe plants 
from being parched, but this experience should not be taken 
as a sa'e rule of action until the attendant conditions are 
better known. 

4. Clearing ■ the wooded lands in north and south 
belts. — In view of the facts which have been presented it 
seems very evident that the wooded lands which are now be- 
ing so largely cut away in order to increase tho acreage for 
potatoes ought, in part, to be preserved. Where the clear- 
ing is done it ought certainly, for the present at least, to be 
done in strips north and south, leaving belts as windbreaks 
to stop the drifting and to make surer a crop of the all-im- 
portant clover. The width of the wooded strips to be lelt 
as hedge rows would depend upon the character of the soil 



L;.g,l,zetoyGoO^^IC 



321 Eleventh Ankxjal Report of the 

and upon the width of the strips that are cleard; the 
lighter the soil is and the wider the cleared fields the broader 
the hedge rows should he. 

Where 80 acres or a quarter section is to be cleared the 
prudent thing to do would be to commence by dividing the 
whole into north and south lands not wider than ao rods 
and to clear these, leaving belts a full rod in width, ac first; 
and because the destructive winds are occasionally nearly 
north or south, I should leave a hedge-row also along the 
north and south lines of the fields, but these not closer to- 
getner than every 80 or 160 rods. No serious mistake can 
be made in adopting this plan because it entails no mater- 
ial expense, and if after the trial is made it is found that 
the shelter is not of sufficient benefit to pay for the use 
of the land the trees which have been left standing may be 
taken out at any later time. On the other band when the 
trees are once cut it will not only be expensive to replace 
them but will require years of time and care to do so. 

In the case of the smaller groves which are now left 
standing to supply the fuel or to be used as pastures for the 
time being, it seems to the writer much the better plan to 
cut out strips at intervals through these pieces and seed 
them to grass and clover if intended for pasture, or to crop 
them if that is desired rather than to do as many are now, 
clearing off a strip each year from one side of the woods, 
thus makmg the open fields broader and the woods nar- 
rower so that the force of the winds is made to increase 
while the shelter against them is decreased. 

The protection offered against the force of the winds is 
relatively greater by alternate narrow wind-breaks with 
fields between than by broad pieces of woods, and why this 
is so will be undf rstood from an inspection of Fig, 44. Every 
obstruction thrown across the course of air currents pro- 
duces a slackening of the mind movement and often a com- 
plete reversal of the direction of it, as indicated by the ar- 
rows in the figure; the air breaks against the trees on the 
windward side and the main current is thrown upward 
above the surface producing a region of slack or reverse 
movement even on the windward side, and thus the de- 
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Btructive power of the wind is reduced, and hence narrow 
Btripa of wood left in parallel rows with fields eighteen to 
twenty rods wide between them, as has been suggested, 
will greatly reduce the force of the wind and lessen the de- 
structive drifting of the light soil. 




Fio. 4S.— Sbnirlng (heefFecti oE wlDd-brealcs or 



13 pualDg across' UieDi. 



The planting of wind breaks. — The facts which have 
been observed and recorded in this paper regarding the 
protection offered by scanty hedge-rows, board and even 
half- wire fences make it evident that well developed wind- 
breaks especially in the prairie sections would offer very 
material protection if properly disposed, and if the seeding 
and rotation in narrow fields which has been suggested 
does not furnish the relief which is needed it may be found 
necessary to resort to them. Certainly the influence of 
those now standing ought to be observed with great care 
ana the destruction of them which is now going on ought 
to be stayed for the present at least. While I would not 
now urge the dividing of the broad open fields by lines of 
trees similar to those which it has been urged to leave when 
clearing the present wooded sections I do believe that no 
mistake would be made if on the prairies the section and 
quarter section lines were planted to them. The planting 
of trees along the roads has the objection that they tend to 
cause the snows to block them up in winter. To obviate 
this difficulty and to get the full advantage of the shelter 
from the trees the rows along the road should be planted 
far enough back on either side to permit the drifts of snQw 
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to lodge upon the fields and to allow the snow covered 
strips between the trees and the road to be regularly culti- 
vated. While this method would obstruct the ftelds some- 
what, and take out of use more land than if the trees were 
planted close to the road the advantages gained are likely 
to more than compensate for the losses. 

The Box Elder thrives naturally upon light soils, is a 
rapid grower, can be raised easily from the seed and on the 
whole is one of most promising trees for these soils, al- 
though the Jack Pine which is indigenous here would make 
an excellent wind break if the trees could be readily 
started. It seems a pity we have no perfectly hardy ap- 
ples which could be set along fences for they must be able 
to offer a very material protection besides yielding a crop 
of fruit. Our better '.■arieties of native plums, like the 
Weaver and De Soto and Forest garden do produce choice 
fruit and they will grow in a close enough hedge to act 
as an effective wind break while they are claimed to be 
hardy. The English Filbert thrives upon light dry soils 
and grows naturally in hedges, but has never been tried 
here, although its natural geographical distribution would 
lead us to expect that it might thrive on these soils. 
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EXPERIMENTS IN STRAWBERRY CULTURE. 



E. S. GO PR 



Our etrawberries are grown on a light clay loam, well, thougli 
not exceasively fertilized with Btable manure. The plants 
were set in the Bprin-g of 1892, and were permitted to form 
matted rows, as is common with the market growers of Wis- 
consin. Qood culture has beeni given, and tiie plants have 
been well protected during the winter. The report here given 
iH, excqrt as otiierwise stated, the average of two crops — of 
the crop of 1893 and 1894. The rows are fifty feet long, ex- 
cept as otherwise noted, and the plants were originally set 
two feet apart in rows three and a half feet apart. 

A TEST OF VARIETIES. 

No attempt has been made to make our list of varieties 
complete. Only those have been planted which seemed for 
some special reason to merit trial. A few have been tested 
that are not here reported, not being strictly comparable with 
the others. To avoid the use of tables, which to many readers 
are un satisfactory, the comparative productiveness, the dates 
of maturity and length of bearing season are shown in the 
accompanying diagrams, wliich will be readily understood. 
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Warfield 

Enbance* 

Beder Wood* 

Parker Earle*.... 

Boynton 

Haverland 

YHle 

Park Beauty* 

Barton's Ecllpae*. 

Lovett'a Early 

D, and D 

Shuster'8 Gem 

Edgar (Jueen 

Aroma* 

Yankee Doodle*.., 
Mrs.S[iep'd'B N'o,2* ' 

Saunders 

Alrs.Shep'd's No.l* 

Beverly* 

Mrs. Cleveland*., 

Martha 

Standard* 

GreenylUe* 

Eureka 

Westlawn* 

Plow City* " 

Gipsy* 

Gov. Hoard 

Gen. Putnam 



Crawford 

Lady Jane*,... 

Wlddlefield 

Post's Seedl'g No. 1- 



Cycloi 



Shsnlng comparaclTe fields of Stmrberrlea tor 18D3 and ISM.— The aTcrage of 
S Ce«t loDg calcu1at«d to 50 Ittet. 
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Gov. Hoatd 

Hayerland 

Jjjvetfs Early 

Manila 

Michel's Early 

Middlefleld 
































































































































































































































-■ 
























































Saunders 

Shuater's Gem 
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Warfleld 
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Auburn 

Barton's Eclipse... 
Beder Wood 
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Park Beauty 
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Phillips Seedlin ;. . . 
Hewitt's Seedllug.. 

Standard 

Plow City 
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Mrs. Shep'rd No. 2. 
Post's Seedling.... 
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We kave thus far found nothing to equal the Warfield, ns a 
general purpose strawberry. Its great productiTeness, flrm- 
neBS, regularity of form and high color commend it meet 
highly, as grown on our grounds. The average yield for the 
past two seasons has been at the rate of sontethSng more tiian 
333 bushels per acre, ^"hile the yields of the varieties named 
in our list have been noted with much care, it is well to offer 
a caution to the reader against accepting tliem as a safe cri- 
terion for what the same varietieB may do on soils differing 
in character from ours. Certain varieties, as the Warfleld, 
yield well on soils that differ much in character, while others, 
as the Jessie, do well only on particular soils. A neighbor 
who grows strawberries for market a mile distant from our 
Station, on a light, sandy soil, succeeds admirably with the 
Jessie, which is nearly a total failure with us. 

A TEST OF KEEPING QUALITY. 

In addition to the comparisons of yield and season, shown 
in tiLO above diagrams, a test of the keeping quality of the fruit 
was made in 1893. A samplebox, freshly picked, of the differ- 
ent varieties, from which oil over-ripe and immature specimens 
had been carefully rejected, was plated on a shelf in a north 
room of the farm dairy building, on June 26. The weather 
was moderately warm, the mean of four daily readings being 
about 70 degrees F. for each of the four days, and with a 
mean relative humidity of 60 per cent. After twenty-four 
hours the fruit in all of the boxes was examined, and the var- 
ieties assorted into three qualities, with reference to the 
damage suffered from the exposure. Those placed in the first 
quality were to all appearances as fresh as when picked; those 
in the second showed slight withering at the top of the 
box, while those that had suffered more or less throughout the 
box were placed in the third quality, No decay had taken 
place at the time of this examination, which resulted in the 
folloTi'iing claBedficaition : 
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Firil qvaUtn. 


Second qualitv. 


Third qmlilff. 


Arom», 


Butou-BEcllpae, 


Banquet, 


Aubum, 


Beder Wood. 


D. ud S., 




Benle. 


Enbaoce, 


CnHTtord, 


Beverly. 


Gen. Putnam. 


Eureka. 


Bubach. 


Qor. Hoard, 


OlUepflle. 


Cjfcloire. 


Lady Jane, 




Edg.rQueeD, 


Martba, 


puk Beautr, 


Gfpa,, 


Mlchel-a Early, 


Poal'B SMdUng, 


GreeBTllle, 


Din. CleTsland, 




Hewltt'i SeedKOE, 


Hr».81ie[MirdNo. 1 


■Warfleld. 


J««le, 


Phlllipfi' Seedling. 




Lonti'a EarJf . 


Shuster-8 Gem, 




Uiddlefleld, 


Yale. 




Mre. 8hep»rd No, 2. 






Parker Earle, 






Pearl, 






Plow City, 






Standard . 






Van Deman, 






Westlanu, 






Wilson. 






Yankee Doodle, 





It ehoiuld be remem'bered tliat this teat is not one of carrying 
qadlitj, but rather one of ability to endure exposure to mod- 
erately warm and dry air. 

Twenty-four Lours later, or forty-eight hours from the be- 
ginning of the test, the samples were again examined, and a 
second classification made, — necessarily upon a lower and 
somewhat more arbitrary standard, as some varieties were 
now considerably decayed, while others though less decayed 
were badly withered or spotted. Those placed in the first 
quality, however, were still in fair salable condition, and 
those in the second were still usable — while the third 
would have been rejected at any price by most purchasers. 
The result of this second classification was as follows: 



firit qualitg. 


Second q: 


mtitg. 


Third quatitg. 


Aroma. 








Beder Wood. 


Besale. 




BeTerly. 


Enhance. 


Boynlon. 




D. and D. 


Eureka. 


Bubacb. 




Edgar Qaeen. 


QraenTUle. 


0) clone. 




Gen. Putnam. 




GlUeimle. 




LoTetta Early. 


Lady Jane. 


Oip«y. 




Mrs. Cleveland. 
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Fint q^u-iilv- 


Second Qmlitii. 


Third Qualits. 


Irs. Bbepkrd Mo. i. 


OOT. Herd. 


HrcehepardNc 


■low Citj. 


Bewllt ■ Seedling. 


Yale. 


■oif* Seedling. 
Varfleld. 


Jenle. 




»e»H«iiii. 


Michel's E«riy. 
Midair flsld. 

Fuker Earle. 
PbUllp's BeeilllDg. 





A few varieties appear in a higher quality in the second 
classificatioii ihan in the first This is explained by the fact 
that the withering, which condemned them to the lower qual- 
ity in the first assortment, appeared to preserve them from 
decay, and thus gave them a higher standing at the second 
examination. 

AN EXPERIMENT IN IRRIGATION. 

As is well known, the strawberry plant quickly suffers from 
an insufficient water supply — an event which, in our climate, 
frequently occurs in June — the most critical time for the 
strawberry harvest Rather late in the summer of lts93, 
arrangements were miide for irrigating our small fruit 
grounds from Lake Mendota, to which they are adja- 
cent, and in 1894 our strawberry beds were irrigated. 
A rotary pump, of a claimed capacity of fifty-five gallons 
per minute at one hundred revolutions, was connected 
by a three inch suction pipe with the water of the lake, 
and a two and a half inch discharge pipe was laid from 
the pump to the strawberry plantation, where it con- 
nected with the line of wood troughs that sened to distribute 
the water to the different rows. Tlie pump was operated by a 
ten horse-power threshing engine, though one of half tiiis 
capacity might have done the work. The results of this ex- 
periment proved so satisfactory that it seems well to describe 
it In some detail, not that the method is new, but that the sub- 
ject is one of great importance to the small fruit gr<*wer8 of 
Wisconsin. 
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The ideal ground for irrigation slopes regularly but very 
gently in two directions, though, such land is by no means the 
nnly kind that may be successfully irrigated. The soil should 
be well cultivated at the beginning, in order that the water 
may be readily abBOi'l>ed by it, and the cultivator should be 
fitted with teeth that make a light furrow on each side of each 
row of plants. 



The half-tone illustration (fig. 48) will lielp the reader to 
understand many details of the work, as we performed it. The 
water, falling from the distributing troughs in small streams, 
flows slowly along the shallow fuiTows on either side of the 
matted strawberry rows, permeating the mellow soil as it pro- 
ceeds and soaking in among the roots of the plants without 
puddling the surface, but tearing it more porous and permeable 
to air than after a rain. The attendant with his hoe directs 
the course of the streams as they need it, walking the while 
on dry ground. There is no undue psicking of the soil and no 
puddling of any part of it. 

The distributing troughs are an important part of the outfit, 
hence these are described in detail. They are made of inch 
boards of common quality which need not be dressed. As the 
bulk of water decreases in its forward movement through the 
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those fai'thest from tlie supply may be made of nar- 
irds than the others. Our troughs are of two sizes — 

■ being made of one twelve inch and one ten inch 
d the smaller of one ten inch and one eight inch 
he boards should be nailed t<^ether strictly at right 
id cleats should be nailed across the top, one at the 
d one near the ends of each trough, to keep the 
om spreading. 

appear from the illustration, the end of one trough 
e that of the next. Some trouble was experienced 
ting leakage at these unions, but generally a little 

strip of building paper j^ced between the over- 
Birds stopped the escape of water sufficiently at these 
^e ends of the troughs are supported at the proper 
stakes driven in slanting and crosswise of each 
^h of these stakes has a row of small auger holes 
8 center about three inches apart, so that by slipping 
like through the pair of stakes at the proper point 
readily joined together at the desired height. The 

■ driven into the ground sufficiently to prevent them 
ng over aidewise, and a tie strip, not shown in the 
n, should be pinned across from one stake to the 
at the surface of the ground to prevent the bottoms 

ading or from settling too far into the ground, as 
lometimes inclined to do after the soil becomes wet 
rip should have a nyw of small holes along the center 
akes, to which it is attached with spikes, 
ter flows from the troughs through three-quarter 
r holes on one side, near the bottom, and spaced 

a half feet apart. It is important that these out- 
der ready control, in order that the water may be 
tributed to the difCerent rows. This is accomplished 
:le device shown in fig. 49, It is made of two small 
liln galvanized iron, A and B. A has a three quar- 
Qle through it, half an inch from its lower edge, and 
dges are bent over, so that B which has its upper 

forward at a right ang'le to form a handle, may be 
and thus form a gate to shut off the hole more or less 
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at will. This device is tacked ivitli clout nails to the inside 
of the trough so that the hole exactly coiDcides with the one 
through the 'board that forms the side of the trough. If the 
attendant discovers that one row of strawberries is receiving 
more than its share of water, he partially closes the gate at 
the end of this row, and if another row is receiring too little, 
he opens its gate more. A sufficient length of trough should 
be used so that the holes can discharge all of the water deliv- 
ered without being open to their full capacity. 




We have found it more satisfactory to apply the water 
slowly, OTer a larger area at once, and thus give it ample time 
to soak into the ground, than to apply it faster over a smaller 
area. From ten to twelve hours of pumping were required 
to thoroughly wet the soil for one-fourth of an acre of straw- 
berries, and the water generally came through the two and a 
half inch pipe under considerable pressure. This will convey 
some faint idea of the large amount of water required for irri- 
gation in dry weather. 



EFFECTS OP IRRIGATON UPON THE YIELD. . 

Our strawberries were irrigated for the first time June 11, 
just as the fruit was beginning to ripen. At this time no 
rain had fallen since 5Iay 23 — a period of eighteen days, and 
the plants were just beginning to show the effects of the 
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drought. The plants immediately resumed their fresh and 
vigorouB appearance, and yielded a fine crop of excellent fruit. 
Ko furttier watering was needed until after the picking season, 
the drought having been relieved by rain on June 16th. A 
portion of our strawberry plantation was left without irriga- 
tion as a check by which to judge the benefits received from 
the irrigation. One plat of eighteen rows Warfield and Wil- 
son, was irrigated on June 11." A second plat of 9 rows of 
the same varieties planted on the same day, and with the 
same stock of plants was not irrigated at any time. The rows 
were 50 feet long. Multiplying the yield of the rows not irri- 
gated by two to make the areas comparable, we have 

18 rona irrigated jlBlded lta,«qu»ra. 

IB rowBDol Irrigated Jlelded. !»).8qu«n». 

DlSeraoce In taTor of Irrigated rows ilS.SquarU. 

The effects of the irrigation appear conspicuously from the 
accompanying graphic diagram. The difference in yield does 
not express the whole benefit from the irrigation, since the 
berries from the irrigated rows were decidedly larger than 
those from the rows not irrigated, which much enhanced their 
market value. 
Irrigated ,. .. ^^^B^H^^^H^H^HI^^H^^^^^^^^H^iH^^H 



Not imitated. . 



ria.SO-Sboning effects ot Irrivatloa on the rrultfulneuot sCrawberiliQ. 

From the limited trials thus far made it would be difficult 
to accurately estimate the cost of the irrigation. A fair esti- 
mate of the labor required would be three men, working one 
day, for each half acre irrigated. This includes the labor of 
running the engine, of setting up and remo^-ing the troughs, 
and the distribution of the water. The fuel and iuteiiest and 
wear and tear of pump, engine, and fixtures must be added. 
There is no question that the irrigation of our strawberry 
grounds proved highly profitable, since the crop on other plan- 
tations in the neighborhood, that were not irrigated, proved 
nearly a failure. 

• These rows were also irrigated August 2 and 8, 1393. 
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After the berry narvest,the plantation looked so well.that, 
though, it had already borne two full crops, it was decided to 
mow and burn it over, thin out the plants in the rows and 
allow it to remain for a third crop — as a further experiment 
in irrigation. Almost no rain fell until near the middle of 
September, and with the exception of the check rows, the beds 
were thoroughly irrigated on July 12 and 16, and Au^rust 17. 
The plants made a most vigorous growth, and during the lat- 
ter part of the summer, when the severe drought had destroyed 
nearly all green herbage, presented a most refreahing appear- 
ance, — looking far more promising than spring set beds that 
had not been irrigated. The check rows, on the other hand, 
were nearly ruined — long vacant spaces appearing in some of 
the rows, whence every plant had perished from the protracted 
drought. 

A BREEDING EXPERIMENT WITH STBAWBEBBCES. 
In the report of this Station for 1892, pp. 284-87, is described 
an experiment in growing the Wilson strawberry from differ- 
ent strains of plants, i. e., plants of which, the parents had been 
differently treated in the past, and had suffered to varying 
degrees from disease. It was shovm that the amount of inher- 
ited vigor a strain of plants possessesa has much to do with 
their development. This experiment has 'been continued up 
to the present time. 

THE INFLUPNCE OF CROPPING UPON VIGOR. 

The late J. M, Smith held that new strawberry beds should 
always be set with plants grown from other plants that had 
been set the preceeding spring, and which had consequently not 
borne fruit, a view that our experiment above cited seemed to 
corroborate. 

In the spring of 1892 two rows of 25 plants each were set 
from a bed of Wilson strawberries of which the ancestors had 
been grown for many successive generations iu the manner 
above described, i. e., from young plants that had not borne 
fruit. It is known to a certainty that the ancestors of these ' 
plants had not borne fniit since 1889, and according to Mr. 
Smith they had not for many years previous to that date. At 
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ae time one row was planted with tlie same variety but 
lants taken from a bed that was known to have borne 
■ops, and which was originally planted from a bed 
to have borne one crop. Prior to this, the history of 
rain is unknown. 

two rows above mentioned contained in the spring of 
65 living plants, or an average of 19.3 plants for eacto 
ginally set, while Ihe one row contained but 333 living 
or an average of 13.3 plants for each one origtually set. 
feremce in the yield of fruit from these rows waa leas 
i, possibly owing to the fact that the plants from the 
igorous rows were more crowded, 
le spring of 1893 one row of twenty-flve plants was set 
le strain oi Wilson strawTwrry spoken of in the article 
:ited that has been much reduced in vigor by the "spot 
t" OP blight, and at the same time another row was set 
same number of plants from the healthy strain so long 
ated from young plants. The following spring (1894) 
jt of these rows had 232 living plants — a^ little more 
plants for each one originally set; while the second row 
led 460 living plants, or almost exactly twice as many, 
e yield of fruit from the two rows was nearly in the 
■roportion. 

results of this experiment are significant because they 
hat the vigor and prolificacy of plants is to some extent 
lent upon parental endowment, which emphasizes the 
ance of procuring plants and seeds of vigorous and 
i' parentage. 

ORDEAUX MIXTURE AS A PREVENTIVE OF STRAW- 
BERRY BLtGHr. 
affection of strawberry plants known as "blight," "rust" 
it disease,"* and due to the fungus known as Ramu- 
Uasrtei, Sacc. is a serious one in this state, strawberry- 
E more than one year's standing often being nearly or 
lestroyed by it. 

description of this disease s«e Report Wis. Expt. Sta.. 1803, 
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During the summer of 1893 a plantation of strawberries com- 
prising one-fourth of an acre was divided into two equal 
parts in such a manner that each row was divided at the 
cen-ter. One of these parts was thoroughly sprayed with 
the Bordeaux mixture on April 15, May 6, May 24, and 
July 29. The formula used was three pounds copper sul- 
phate to twenty- two gallons of water. 

The results were entirely negative. Late in the summer 
all of the rows were more or less affected witii the blight, but 
not the slightest difference was discernible between the 
sprayed and unsprayed p£(Pt of the bed. Observation was 
made early last spring (1894) of the new growth, to see if this 
showed any influence of Hie spraying, but no such influence 
could be detected. 

The past season our strawberry bedd were mowed and 
burned over after the berry harvest, and the new growth that 
came <hi promptly from the well irrigated soil, was almost en- 
tirely free from blight, notwithstanding that the bed had 
already borne two large orops of fruit. From this I am led to 
infer tiiat the most satisfactory preventive of blight is to burn 
over the strawberry bed after the berry harvest, thus destroy- 
ing all diseased leaves, and then to provide abundant water 
to stimulate a vigorous new growth. 
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=S ON ORNAMENTAL TREES AND SHRUBS. 



E. 8. GOPF. 



[lowing observations as to tlie hardiness of some of 
recently introduced trees and alirubB will liave inter- 
>se who desire to improve their home grounds, 
arple-leai Plum, Prunus Pissardii, grew finely for 
ons after planting, ball periled during the winter 
t. 

)ecimeD8 of the Ginkgo, or Maidenhair tree, Salis- 
antifvUa. set in the spring of 1892, have thus far en- 
e winters without harm. 

tVeeping Mulberry, Morusalha, var., planted in 1892, 
:hiis far to be perfectly hardy, and forms an attractive 
resting lawn tree, especially well adapted to small 

mure Tamarisk, Tamarix Amurensis, kills back more 
ich winter, but quickly recovers in the spring, form- 
lutiful shrub that remains in bloom more or less all 
While its flowers are not conspicuous its light, airy 
lakes it an interesting addition to the lawn, 
alden Elder, Sambucus nigra, ^-ar. Aurea, though not 
lardy, is sufficiently bo to form a very attractive shmb. 
>ts kill back nearly or quite to the snow line each 
jut a vigorous crop of young canes grows from the 
spring, and the mingling of the younger green and 
low foliage is strikingly beautiful. Later in the sea- 
leaves are sometimes attacked by a blight that mars 
»earanee to some extent. The canes are also injured 
Jr. 

ioldenLeaf Svringa, PMla-deli^huii cornnnrius. var., 
the winter with little harm, but the foliage blights 
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considerably in the latter part of summer, causing the shrub 
to develop slowly. It is evidently not at home in our climat«, 
and while beautiful for ita foliage cannot be recommended. 

Deutzia crenata, and D- gracilis are satlsfajetory only with 
winter protection. Without this the ^oots often kill back 
nearly or quite to the ground. 

Yiburnum plicatvm must also receive winter protection if 
it is expected to thrive. 

Eleagnus longipcs endured the past winter without otha- 
harm than the destruction of most of the flower buds. Plants 
well protected with earth during the winter bore a large crop 
of fruit the past season, while those not protected bore little. 
The chief interest of this shrub lies in its fniit, which ripens 
in June, resembles a small plum and Is rather attractive on 
the plafit, besides being edible. Though relished by some 
persons, it is too sour and astringent to be generally popular. 
I think the ulant is worthy of atlenlion. not so much for 
what it is at jwesent as for what it may become by improve- 
ment 

A variety of Rosa rugosa received from Prof. J. L. Budd 
in the spring of 1892 has tiius far proved entirely hardy with- 
out winter protection. It produces a profusion of large, sin- 
gle, deep rose-colored flowers in June, and occasionally blos- 
soms later in the season. On the whole this is one of the 
most valuable ornamental shrubs we have planted. 

Van Houtten's Spirtei. Spir<Ba Van Houltei, has thus far 
proved quite hardy and forms a most attractive shrub while 
in bloom. Its profusion of pure white flowers which appear 
in June are conspicuous as far as the plant can be seen. 

The Large Panicled Hydrangea, Hydrangea paniculata 
grandiflora, endures the winter well, but unless given plenty 
of water in the summer is liable to suffer much from our pro- 
tracted droughts. With proper care the panicles attain large 
size and are very attractive, but otherwise they are small 
and fail to open well in dry seasons. 

The Yellow Wood, Cladrastis Unctoria, growing in a shel- 
tered location on our grounds, seems entirely hardy. It 
forms an interesting tree of small size, and its long, droop- 
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Maea of purple flowers which, appear in June are de- 
attractiTe. 

apan Ivy, Ampelopsis tricuspidaia, cannot endure oar 
without Bome protection, hut where thiB is given, 
n eatire failure. There is not much hope, however, 
:an ever prove satisfactory with, us, even in sheltered 

B. 

S our evergreens, Abies coticolor, is evidently not 
B a young tree, as it kills back more or less every 
Eogleman's Spmc3, Picea Englemanni, however, 
airly hardy thus far, and is perhaps the most attrac- 
■rgreen on our lawn. In its peculiar glaucous color it 
resembles the Colorado Blue Spruce, Picea puvgens, 
greater compactness of its branches renders it de- 
more attractive than this species. 
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NOTES ON ORCHARD FRUITS. 



E. S. GOKF 



The last trees of the apple orchard fOTmerly planted on 
our Experiment Station farm were removed in the fall of 
1891, to make room for the new Dairy School building. The 
planting of fruit trees for a new orchard was commenced in 
1889 and has been conttinued to the present time, more or 
less trees having been planted each spring. 

The original orchard was of varieties then considered 
standard, "nie new orchard, which includes trees not only 
of the apple but also of the pear, plum and cherry, is being 
frfanted with varieties that are believed to be promising, 
but which have not thus far been sufficiently tested to war- 
rant their general planting. Many of the apple and plum 
trees are propagated from '^seedlings," i. e., from trees that 
have grown up fi-om seed planted either intentionally or by 
chance, and which, after reaching bearing age, have proved 
hardy, productive and otherwise desirable. Many of the 
apple trees are from parents that have been standing for 20 
to 40 years and have not only endurpd the winters, but have 
gained a local reputation for the value of their fruit The 
effort has been constantly made to procure cious fi-om such 
trees not only in our own state but also in Minnesota and 
Iowa. Our plan is to teat these and to reject all that do 
not prove superior in hardiness, productiveness and quality 
as fast as their defects are discovered. All of the promiBing 
Bussian varieties are also being tested, andi attention is be- 
ing given to seedlings of onir own gKuwing from seeds of 
known parentage. 

Thus far trees of our new orchard, which is located on 
a north slope adjacent to the Horticultural building, have 
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borne so little that Qo report of them seemed called for. The 
past seflson, however, several of the plum trees and two of 
the apple trees yielded sufficient fruit to enahle us to form 
some opinion as to their qualities. It is hoped that each 
succeeding year may hring others into fruit. 

THE PLUM. 

Of the plums, Forest Garden, De So'o.Lp Due, Moore's Are- 
tic, Maquoketa, Ocheeda, Quaker, Pottawattamie, Eockford, 
Rollingstone, Smith's Bed, Wyant, a so-called "Seedling from 
German Prune," and a "Se<^ing No. 3" bore full crops, many 
of them more than the trees could develop to full size. Mari- 
ana and Wild Goose yielded a fair crop, and the White Nich- 
olas ripened a very few fruits. 

The Mariana was the first to ripen, the fruit being at its 
best about August 13. Forest Garden, Pottawattamie, Le 
Due, "Seedling from German Prune" and "Seedling No. 3" 
ripened about a week later, followed by Quaker, Smith's Red, 
Rollingstone, Wild Goose, Eockford, White Nicholas and 
Wyant in the latter part of August, and Moore's Arctic, Ma- 
qufdteta, Ocheeda and De Soto in the first half of September. 

Of the varieties named Moore's Arctic and White Nicholas 
ore of the European class, Primus doin^stica; the others be- 
long to native species, and with the exception of the Potto- 
watLamie, Wild Gooso and Marianna,* all are probably 
PrunuH Americana. 

Of the native varieties the Rockford was pronounced the 
finest in quality. The fniit is rather large, slightly oblong, 
tpuocate at the base, wiih a distinct suture; skin purplei 
sometimes in dining to orange, often a little speckled, with a 
very thin bloom; stem half an inch long, slender and set in 
a decided cavity; flesh rich yellow, almost free from stone, 
tender, sweet and rich; skin thtn and without acerbity; stone 
oval, bluntly pointed, very obscurely margined. 

Scarcely second to the Bockford in quality was the Ocheeda 
of which the fruit was medium to large, nearly round, with 

The Pottawattamie is assigned bj Prof. Bailey to Pr-imn 'iTigmttifolia, 
thn wild goose to P. Hnrtulana and the Mariana to P. Mgrob'ilanaf —'Bal- 
letin 38, Cornell Universitf AgrL Ezpt Station. 
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an obscure suture; dull, finely mottled red beneath a ratier 
thick bloom ; flesh yellow, sweet and rich, free from the ob- 
long, strongly margined, smooth stone; skin medium in 
thickness, without acerbity. 

Ciona ot this variety were sent to our Station in the spring 
of 18!tl by Mr. J. S. Harris of La Crescent, Miun. It was 
originally found wild in Nobles Co., Minn., and was intro- 
duced by H. J. Ludlow of Worthington, Minn.. 

The "Seedling from German Prune" was received from S. 
D. Bichardson & Son, of Winnebago City, Minn., in the fall 
<rf 1891. If the parentage of this plum is correctly given, 
it must certainly be ahybrid.for itpoysesses many Americana 
characteristics. The fruit is of large size, dull red, and 
densely dotted with minute yellowiah specks. The fle^ is 
tender, sweet and rich, hut the skin is rattier thick and has 
a somewhat harsh taste. I regard this plum as eminently 
worthy of further trial. 

Smith's Red was received In the spring of 1890 from Mr. 
I. F. Gale of Waukesha, Wis. The fruit is large, nearly 
globular, purplish red, shading to orange on the more shaded 
side, with yi How, netted, sweet and tender, nearly free flesh 
and with a rather thick skin that leaves no \mpleasant taste 
in ttie mouth. The stone is roundlsih and rough, but not mar- 
gined. TTie fruit matured slowly and continued a long time 
in season. This variety is also well worthy of further trial. 

The "Seedling No. 3," from same source as the last, had 
fruit of good size, roundish in form, rather strongly flattened, 
dull red, without specks, with a distinct suture, and very ten- 
der, sweet and pleasant flesh that was almost free from the 
oval, bluntly pointed, obscurely margined stone. The skin 
is very thin and nearly without acerbity. This was one of 
the finest eating plums I have tasted. The fruit would be 
too soft to ship well unless gathered before fully ripe. 

The four i-arieties above described all seem to me to be 
superior to most of the older native varieties. 

The White Nicholas is the first of the Bussian varieties 
that ha« fruited at our Station. The fruit is medium to 
large, oblong, thickest near the stem, with a rather obscure 



jyGoo^^lc 



316 GlBVBNTH' ASSVi-U RSPQ^ OF THE 

suture; very deep purple with thin bloom. The flesh is half 
tender, a little acid, not above fair in quality and clings to 
tie large, ribbed stone. As noited elsewhere this variety 
blossomed full, bat nearly all of the fruits dropped when very 
small. 

Moore's 4rcUc is worthy of especial mention, for it was 
the only variety of the European plum, Pi-unus domestica, 
that bore a full crop, though we have trees of the Lombard, 
Green Gage and of several Russian varietiea that are old 
enough to bear. As a rule, the European varieties not only 
did not fruit, but did not bloom, a significant fact, since it 
suggests that the flower buds were destroyed by cold. Moore's 
Arciie is of good size and of sufficiently fine quality to ren- 
der it desirable either for home use or market. 

With the exception of Wyant," of which the fruit is too 
astringent to be desirable either raw or cooked, all the varie- 
ties named in our list as having borne full crops are well 
wortiy of trial. Our experience with them is not as yet suffici- 
ently long to warrant us in naming a select list either for 
home use or market. 

The other varieties named have been well described in 
Prof, Bailey's Bulletin No, 38 of the Cornell University Exper- 
iment Sbition. 

Our plums were protected from injury by the curculio, Con- 
otractielvs nenupliar, by the so-called "jarring process," i. e., 
the insects were jarred from the tree In the early morning, 
upon a cloth-covered frame placed beneath the tree, and then 
killed by hand. The curculio was not numerous the past sea- 
son and some trees not thus treated bore well, but as a rule 
the fruit of all plum trees in the vicinity of Madison is de- 
stroyed by this insect unless prevented by the jarring process. 
Our trees were treated for the first time on the morning of 
May 12, and every still morning threrafter when it did not 
rain or snow, imtil June 20. Nearly every morning when 
the trees were visited, during this period, more or less cur- 

'lam in doubt as to the geuulaeaess of ourvarlety under thia aame, al- 
though trres of it procured from two different Iow& nuraeriea are ua- 
questiouably the same. 
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oulio were found, one of the largest catches being on June 
11. This fact is mentioned because tlie qiiesition is often 
asked, "How long is it necessary to continue the jarring pro- 
oeas?" Probably the time was lengthened the pasit season 
by periods of cold wet weather, for it was observed that on 
such mornings very few cnrculio were found, but that the 
number would rapidly increase on the return of warm 
weatber. 

With the proper outfit and with, a little experience in its 
UBe, the labor of jarring trees for the cnrculio is very slight, 
it being necessary to spend but a moment at each tree. 

THE APPLE. 

The varieties of the apple that have fruited thus far 
are the Hoadley, of which trees were receivd fiom Charles 
Hirschinger, of Baraboo, in ISi^O, and the Windsor Chief, 
of whidi trees were received from J. C. Plumb & Son of Milton, 
in the same year. 

The Hoadley is a large apple of the I>udies8 type, quite sim- 
ilar to the Duchess in most respects, but maturing about a 
month later. The trees grow finely, bear young, and thus 
far appear perfectly hardy. 

The Windsor Chief is a medium to large apple ; oblate, in- 
clining to conic, with a dull yellow ground ihostly obscured 
■with very dull red, and sprinkled with conspicuous yellow 
dots. The flesh is white, half tender, with a rather rich and 
pleasant sub-acid flavor. The fruit keeps well until March. 
TTie tree grows well and has not suffered from cold, but 
^owed some iitcllnation to blight the past season. 

FLOWEEING AND FERTILIZATION OF NATIVE PLUMS. 

Ilie uncertain fruitage of the native plum is well known. 
The past season a somewhat careful study was made of the 
flowers of the varieties of plum growing at the Wisconsin 
Experiment Station, in tiie hope of discovering some of the 
reaaoufl for the frequent failure of the blossoms to produce 
fmit. 
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I plums of wMch the blossoms were examined — 34 
— it was observed tlmt tbe varieties beliMging to 
)ecies have decidedly more slender styles and smaller 
than thiose of the European plum — Prunm domestica, 
slender styles of the native species were more often 
•r bent by driving rain than those of tiie domestica 
I examined. A severe rain storm during full bloom 
>ubtless prove much more harmful to the Dative than 
uropean varieties. 

the varieties of plum that bloomed at our Station 
season appeared to produce abundant pollen. When 
ider that all the anthers of the same flower rarely 
it the same time, and that the flowers on a given tree 
lave a range of some days in their time of opening, 
improbable that, where abundant pollen is produced, 
ulure in pollenation could result, even in unfavorable 
A rain storm occurring when the trees are in full 
' not sufBciently severe to destroy the pistils would 

promoite pollination, since the rain tends to dislo- 
stamens and often leaves the anthers in direct con- 
1 the stigma. 

feet pistils or an absence of pistils has been suggested 
son for infertility in the native plums. TJnquestion- 
i defect sometimes occurs. Careful observations on 
t were made in our Station pilum trees the past season 
irked difference was found in the percentage of perfect 
I the different varieties. The results of tliese observa- 
; tabulated below: 
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It appears that the percentage of perfect pistils varied 
from 29 in the Moreman plum to 100 in the White Nicholas. 
The effortt was made to ascertain if ttie proportion of flowers 
that formed fruits in the different varieties coirresponded with 
the percentage of perfect flowers. Immediately aftw the 
falling of the petals such a correspondence was apparent, but 
after the miniature plums had grown to Ihe size of an 
apple seed, or a tittle larger, a large proportion of 
them dropped from the trees of some varieties that 
had shown a high percentage of perfect flowers, indi- 
cating that some other InBuenre had affected the fer- 
tilization beside the question of perfect pistils. A 
cold peiiod occurred about this time, and it is possible, as 
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Mr. B. P. Speer has- suggested,* tiie low temperature pre- 
vented t±ie formation of the pollen tube. The droppdng o( the 
miniature fruits wes Bometimee most marked in tbe rarietiea 
tiiat apparently possessed tlie most robust pistils. Tbje White 
!Nich<^as, a Russian rariety of ihe domestica speciesi, was the 
only one examined that had 100 per cent, of perfect pistils, 
and the styles and stigmas of this variety were especially 
laj^e, yet while the tree bloHsmned full, but two or three fruits 
grew to maturity. 

These observations indicate that the failure of bl06s<Nns 
to set fruit in our native plums is probably due to more than 
one cause, and that while they do not Aow that the failure 
is never due to a lack of pollen it eeeniB probable that it more 
often results from a deficiency of pistils or from cold weather 
during the period of fertilization. In the cases under con- 
sideration, tjie ' inability of certain varieties to fertilize them- 
selves could hardly have prevented fruitage, since the trees 
were closely planted and each variety had trees of several 
other varieties in the near vicinity. 

* Bulletin No 4 Iowa AgriL:ultural Experiment Station. 
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EXPERIMENTS IN- THE CURING AND CULTURE OF 
TOBACCO. 



E. ?. GOFF. 

During the winter of 1892-3 the legislature of Wisconsia 
made a special appropriation of eight hundred d<rfIarB for two 
yeajB, to be used at the Wiscon^n Experiment Statioii fior 
experiments in the culture and curing of tobacco. Accord- 
ingly in ihe spring of 1893, a. series of experiments was 
planned and a small field of tobacco, amounting to about one 
and a half acres was planted. Inuring tiie summer a small 
curing-house (28 by 32 feet), designed especially to facili- 
tate investigation in the curing of the crop, was erected, in 
■which the tobacco was hung and cured. The past season, 
(1994) a cro^ was also grown and cured— the aiea being a 
trifle larger than that of the prerious season. 

The curing house was divid«-d by matched board partitions 
into four compartments of nearly equaif size, and a hall was 
constructed from a door in one end of the building to the 
center, where a stairway, with severai doors opening into 
tive different compartments, permitted easy access to the to- 
bacco hanging in the different tiers in each compartment. 
The building was inclosed with close fitted, drop sliding, and 
each ctHnpartment was provided wi^ ventilating doors, and 
a central roof ventilator so arranged that it could be opened 
and closed at will. Provision was also made for placing a 
lig^ted^lamp'in each.' roof ventilator in 'order- to promote an 
upward current of air when this appeared desirable, and. 
the past season, additional means for promoting ventilation 
by means of heating flues was jffovided, the details of which 
will be described further on. 

A report is here offered of certain investigations of which 
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the results appear to be well defined. Some experimenta 
witli fertilizers were commenced the past season but the re- 
port on these will be deferred until further data are secured. 

EXPERIMENTS IN THE CORING OP TOBACCO. 

The curing of tobacco as practiced in the northern states 
does not appear to have been made the subject of careful in- 
vestigation. Certain more or less crude ideas upon the subject 
obtain among toibacco growers, but the more Intelligent and 
thoughtful ones are usually most conscious of the meagerness 
of their knowledge. It is hardly an exaggeration to say that 
the tobacco crop of the average grower is as much at the 
mercy of the weather after it is hung in the curing-house as 
while it was standing in the field. Throi^ Ignorance of the 
requirements, the lack of proper appliances, or the sladt 
application of the means at hand, the crop is usually per 
mitted to cure too fast or too slow, according as the weather 
chances to be too dry op two wet, ft> produce the best quality. 
Yet those best informed agree that mut^ of the quality of 
tobacco is made or unma.de in the curing-house, and that Wis- 
consin tobacco grown and cured under Uie most favorable 
climatic conditions, compares well in quality with the best 
samples of Eastern tobacoa It has, seemed wise, therefore, 
to devote a part of our first efforts to an investigation of the 
curing process. 

Changes during the curing process- — Hie most conspicuous 
changes that occur in the curing of tobacco are a decided loss 
in weight, due mainly to evaporation of water from the leaves, 
and a change of color in the leaves from green to varying 
shades of brown. Various chemical changes also occur that 
materially alter the properties of the leaf, hut as these belong 
to the field of the chemist they will not be here considered. 

Tim amount of water evaporated during curing. — On this 
point we have the following data. 

The plants were weighed in the field after having wilted 
somewhat, and tiie stalks and cured leaf were again weighed 
after stripping. 
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Ppom the above data it appears that under our conditions 

the loss in weight during curing -was about 71 per cent, o' 
the weight of the green plants. In other words ot each ton 
of green tobacco hung m the curing house about 1400 lbs, 
■were water that was given off during the curing process. 
A small part of this less in weight may have resulted from 
chemical changes, but, on the other hand, some loss took 
place during the wilting of the plants previous to the 
-weighing. 

Conditions affccfittg the escape of water from curing to- 
hacco- — It would seem natural at first thought to suppose 
that this Tei7 large loss of water from the leaves would pro- 
ceed fastest in the green tobacco, and that the rate ^^ould 
gradually diminish until the leaves were entirely cured, the 
rate at all times being much dependent upon the weatlier. But 
from many observations made durine the season of ]8i:t3. I 
was led to believe that other causes connected with the 
changes going on within the leaves interfere to modify this 
seemingly natural law, an opinion which I was able to dem- 
onstrate during the pstst season. Circular discs were cut 
betii-een the veins of leaves of tobacco in different stages of 
curing, which, after being weighed upon a chemical balance, 
were exposed for a given length of time to the air of a closed 
room, when they were again \\'eighed and the loss in *^eight 
that had occurred during the exposure determined. The 
discs were cut to a uniform size with the sharpened end of a 
metal tube, the leaf being placed over a large piece of cork. 
As fast as the discs were cut. each was placed between two 
watch-glasses that were gi-ound so as to fit tightly tf^ether, 
and the watch-glasses were placed beneatii a bell-glass that 
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rested OQ a closely fitting ground glass plate. The disca were 
weighed between the watch- glasses, and not until they were 
all weighed were they uncovered to the air. Five dupli- 
cate trials were made, of which the numerical data are pre- 
served. The average amounts of evaporation from the differ- 
ent samples are shown comparatively in the accompanying 
diagram. 
Samples fre^l^ cut 



Sample!) t borough! 7 wilted. 



Samples brown all over 

Fia, SI— showing cooipsrative rate otocapvoC water from tobacco leaves In dlffarent 
Btagea ot curing. 

From the above diagram it appears that the period of 
most rapid escape of water from curing tobacco is in the 
browning stage, i. e., while the color is changing from yellow 
to brown, and that with tobacco that is well wilted at the 
time it is hung, the escape of water from the leaves is at first 
comparatively slow. This fumislhes a warrant tor the prac- 
tice of many intelligent tobacco growers who hold that it la 
better to keep tiie curing-house nearly closed for a time after 
the; tobacco is hung, and that it should be gradually opened 
as the curing proceeds. It is well known also, that the dan- 
ger from the afEection of curing tobacco known as " pole- 
burn " is greatest not immediately after the tobacco is 
hung, but several days thereafter, a fact that is, in part at 
least, explained by the results of this experiment. 

The changes in color of tobacco leaves while curing are not 
due directly to the loss of moisture. That this is true was 
shown by placing tobacco leaves beneath a bell glass that 
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mt upon a ground glass plate and in which the air was kept 
nearly saturated hy the moisture that escaped from the 
leaves. The leaves assumed first a yellow color, and after- 
ward changed to brown in about the same time as oth.er 
leaves that were curing in the ordinary manner. After as- 
aumlng the brown color under the bell glass, the leaves still 
contained so much water that the -liquid could be readily ex- 
pressed by squeezing them in the hand. It is well known that 
in curing tobacco by artificial heat a given color can be fixed 
at any time by a rapid drying of the leaf, showing that the 
changes of color are not the result of drying. 

The particular shade of brown assumed by cured tobacco 
leaves depends much upon the degree of ripeness to wMeh the 
leaves attain before cutting, as was conclusively shown by 
repeated experiments. The riper the tobacco the lighter 
shade of brown will the cured leaf have, and leaves that be- 
come spotted with yellow before cutting will produce a cured 
leaf tliat is mottled with varying shades of brown. The lower 
leaves on the plant usually cure li-hter than the upper ones, 
because they are riper, I mention these facts not because 
they are new to all tobacco growers, but because I have dem- 
onstrated them during the past two seasons by careful and 
repeated obseiration. I incline to think, also, that tobacco 
cured early in the season, as in August, while the weather is 
warm, is usually of a lighter shade of brown than equally 
ripe tobacco cured later in the season, while the weatiier is 
cooler and the days shorter. A knowledge of th* relation 
between the maturity of tobacco and the shade of brown aa- 
Bumed by the cured product is valuable, because it enables 
ua to produce the shade of color that the market demands. 

The degree of atmospheric moisture best suited to the cur- 
ing of tobacco- — It is universally admitted that tobacco may 
dry botli too fast and too slow to yield the best quality of 
cured leaf, but so far as I know, no one has attempted to 
define the range within which the best quality is produced. 
Tobacco growers and packers agree that the finest samples 
of tobacco are usually found in crops that are more or less 
damaged by pirfe-bum, a disease resulting, indirectly, from 
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too slow drying; and that in seasons when pole-burn is preT- 
alent, the quality of the tobacco that escapes damage from 
the disease is generally good. From this we infer tliat to- 
bacco should dry slowly to yield the best quality of cured 
leaf, but of course the rate of drying should not be so slow 
as to induce pole-bum. 

Tke attempt has been uiade during the past two seasons 
to determine the hj^est degree of atmospheric moisture that 
may be maintained within the curing house and still avoid 
damage from pole-burn, for in the present" state of our knowl- 
edge this would seem to be the "point at which to aim. 'WTule 
much still remains to be done, it is thou^t that sufficient 
has been accomplished in this line to merit presentation, and 
ihat the hints here <rfEered may be turned to practical use 
by tobacco growers. 

The investigation has been carried on in a special appar- 
atus in which Hue temperature and moisture of the air could 
be kept nearly uniform, and, at tlie same time, careful ob- 
servations were made in the curing-house itself. The appar- 
atus consisted of a chamber, eighteen inches in each dimen- 
sion, inclosed on five of the six sides by double walls of sheet 
copper between which water from a hydrant constantly 
flowed, and, in addition, the whole was surrounded with a 
double walled wood case having a door on the side not in- 
closed by the copper jacket. Thus the chamber was main- 
tained nearly at the temperature of the hydrant water of 
which the fluctuations in temperature were not very great. 
Ventilation of the chamber was accomplished by connecting 
a small laboratory air-pump, operated by water from the hy- 
drant, with an opening throng^ the wall at one side near the 
bottom, and a corresponding opening was provided on the 
opposite side of the chamber near the top, to admit fresh air 
from without. The door of the chamber contained a 
window formed of two thicknesses of glass with an air cham- 
ber between, so that a psychrometer hanging within could 
be read without opening the door. It was found on trial that 
the air-piunp did not change the air within the chamber 
sufficiently fast to prevent it from becoming practically sat- 
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nrated iv-ithl moisture when green tobacco leaves were hung 
in the diamber, hence a fruit jar, filled with ice and setting 
in a tin cup, was kept in the diamber during the day, to con- 
dense the excessive moisture which was removed by empty- 
ing the cup from time to time. The temperature and humid- 
ity of llie chamber as indicated by the psychrometer were 
noted several times each day, and the tobacco leaves were 
weighed daily to determine their loss of moisture. Notes 
were also made of their progress in curing. Thus, for the to- 
bacco cured within this chamber, we have a nearly complete 
psychrometer record of the ^temperature and humidity of 
the air in which the curing took place. 

We were enabled to complete the curing of two successive 
lots of tobacco leaves in this chamber; the first lot was put in 
August 25, 1894, and the cujlng was completed, except the 
leaf stems, by September 11, when the second lot was put in, 
and which was well cured by October 2. Two samples were 
cured in each lot, one of well ripened tobacco and the other 
of that which was quite immature, and ten average leaves 
were used for each sample. 

The results of this study are striking, since they indicate 
how great may be the humidity of the air in which tobacco 
cures without causing damage from pole-burn, and also indi- 
cate with some degree of clearness the maximum humidity 
that the tobacco can endure without damage from this affec- 
tion. The numerical data connected with the experiment 
are too volaminous for presentation, but the diagram (Fig. 
53) will convey an idea of the moisture of the air within 
the chamber during these trials. 

It n-ill be «ell here to explain the psychrometer, one form 
of which is illustrated on the following paze, and th 
manner in which it is used. The instrument consists of two 
accurately graduated thermometers, of which the bulbs are 
placed at some distance apart, iind of which the bulb of one 
is surrounded by thin muslin, which is connected by a wick 
of clean cotton to a cup hung a short distance below and 
which, while the instrument is in use, should contain more or 
Jess of distilled or clean rain water. The water from this cup 
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is drawn upward tlirou^ the wick to the muslin that sur- 
rounds one ot the bulbs, and thus the surface of this bulh is 
kept constantly moist, while that of the other bulb is dry. 




Fin. 5!— A. [Hjcbriimeter, an laMrumenc vhicli mdicaua me leiaperature and molsCiin 

Now the water on tlie surface of this wet bulb will evaporate 
into the air about it more or leas rapidly according as the 
air already contains more or less of moisture, — the more moist- 
ure the air contains the less rapid will be the evaporation 
and vice versa. Since water in evaporating absorbs heat, 
the temperature of the wet bulb is lowered more or less, 
according as the evaporation is more or less rapid. Hence, 
by noting the difference in the temperature registered by the 
two thermometers we form an idea of the moisture of the air 
— the greater the difference registered the drier the air and 
vice-versa. "When the two thermometers register alike the 
air in contact with the wet bulb Is saturated with moisture, 
so that it can hold no more and hence evaporation has ceased. 
In dry summer weather the difference registered by the two 
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thermometers may amount to fifteen or more degreee. By 
using prepared tables the absolute relative humidity of the 
air may be determined by the psychrometer, but for our pres- 
ent purpose, the depression of the wet bulb is all that it is 
necessary to use. The tobacco leaves while in process of curing 
being moist, the evaporation from them will follow the same 
law as from the wet bulb, hence a psychrometer hung among 
the plants in the curing-house will give an indication at any 
time of the rate at which the moisture is passing off from 
the tobacco. 

In the following diagrams {Pigs. 53, 54) the average of the 
readings of the wet and dry bulb within the curing chamber 
already described are given for each day during the two 
trials. The temperature indicated in the diagrams are the 
average of all the readings noted for each day. The readings 
were generally made hourly from 7 a. m. to 6 p. m,, though 
some omissions occurred. 

In all diagrams given in this connection the zigzag lines 
indicate the fluctuations of the temperature as indicated by 
the psychrometer, the upi)er zigzag line being the record for 
the dry bulb thermometer, and the lower one for the wet 
bulb thermometer. Each straight horizontal line marks a 
d^rree in temperature the figures for which are given at the 
left, and each vertical line represents one day. The nearer 
the zigzag lines are together on any given vertical mark the 
more nearly was the air saturated with water on that day, 
and vice versa. 

As appears from Figs. 53 and 54, the air within the cham- 
ber was decidedly moist during both trials, the depression 
of the wet bulb rarely exceeding two degrees, and it should 
be understood that this moisture came from the tobacco 
leaves within the chamber. 

In the first trial, as appears from Pig. 53, from August 
36 to September 1 the air in the chamber was more nearly 
saturated than afterward. This was before the can of ice, 
already spoken of, was introduced. The ice was used to con- 
dense the excessive moisture because without it the air could 
not absorb the water as rapidly as it was being set free from 
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the leares, hence the latter were becomiog soggy and appar- 
ently saturated with water in places. After the ice waa. in- 
troduced these soggy spots ceased to increase in aze, though 
Bome days were required for the air to catch, up, so to speak, 
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with the water that was lieing gi^en off from the leaves. Id 
the meantime pole-bum set in, and the structure of the more 
B<^gy parts of tiie leaves was destroyed, while the partH that 
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did not become eoggj" cured out of fair quality. But all of 
the leaves showed more or less of the peculiar pimpled ap- 
pearance that always accompanies pole-burned tobacco, and 
which, as I have now learned, is due to the moisture having 
not been absorbed from the leaf as rapidly as it was set free. 
In the second lot, which cured in a somewhat lower tempera- 
ture than the first, and in| an atmosphere not quite so highly 
charged with moisture, as appears from Pig, 54.no pole-burn 
appeared, though the pimpled appearance was manifest more 
or less on nearly all of the leaves. 

It la of interest that the more unripe samples of tobacco 
in both trials were less affected with pole-burn, and showed 
less of the pimpled appearance than the riper ones. 

The diagrams here shown are worthy of careful study, be- 
cause they indicate rather clearly the range of humidity 
within which dan^r of pole- bum lies. From Pig. 53 it ap- 
pears that from August 26 to September 1, the wet bulb de- 
pression was less than one degree, after this date it varied 
from one and a half to two and a half degrees. Prior to Sep- 
tember Ist the tobacco leaves that had reached the browning 
stage becaiTie soggy and pole-bum set in. After this date 
the excess of water and also the pole-burn disappeared. From 
Pig. 54 it is seen that the wet bulb depression varied from 
one to two degrees, except in a few instances when it was 
slightly less than one degree. No polebum appeared in this 
lot of tobacco, but the leaves became somewhat soggy at 
times. In Fig. 55 is shown the range of temperatures * in 
one compartment of the curing house in which the tobacco 
was hung very thickly — four laths to the foot and six plants 
to the lath. 

As appears, the wet bulb depression rarely exceeded one 
degree, and was often less. Pole-burn was detected in this 
compartment on August 30, and despite the fact that arti- 
ficial heat was frequently used to promote ventilation, the 

*Tfae psjichrometer readiafts in the cariag bouse were taken daily at 
7 a. m. 12 m, and 6 p. m. and the temperatures recorded in Figs. 55 and 56 
are the average of the three daily readiogs. The psychrometerB hang 
bet veen, and about eighteen inches below, two laths on the second tier. 
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tobacco was badly damaged, not less than 56 per cent, of tlie 
eaves being affected. In Pig. 56 we have the range of tem- 
peratures in another compartment of the curing house in 
which the laths were placed five inches apart. It is seen that 
the range differs little from that of Fig. 2^ except in the fact 
that the wet bulb depression was in no case less than one de- 
gree, and was generally from one and a half to two degrees. 
In this cOTupartment no symptoms of pole-burn appeared at 
any time and no pole-burned tobacco was found. The tobacco 
in this compartment cured out of exteileut quality. In a 
third compartment, in which part of the l.iths were placed 
five inches apart, the wet bulo depression w&n maintained 
by careful attention to the ventilation as nearly as possible 
at two degrees, except for a period of four days, when the 
ventilators were intentionally closed to produce pole-burn. 
But only at the close of this four day period, and after the 
wet bulb depression had been reduced to zero, were symp- 
toms of pole-burn manifest in this room. They soon disap- 
peared on the restoration of the two degrees depression, and 
the tobacco contained but a minimum of damage from pole- 
burn. 

From these data the conclusion seems warrantable, that 
with a temperature within the curing house of not exceed- 
ing 70° P., a degree of atmospheric humidity represented by 
a. wet bulb depression of two degrees, when the psychrometer 
is between the plants, and is not exposed to unusual air cur- 
rents, does not endanger the tobaccoi' to pole-burn, and that 
an occasional variation to one degree is safe at least, if not 
prolonged. But a wet bulb depression of less than one de- 
gree Is dangerous, and if prolonged, is almost sure to result 
in pole-burn. 

The curing of tobacco is prohahhj rather a process of elimi- 
nation of water than one of drying- — This was shown by the 
fact that in the trials within the chamber already described, 
the leaves set free their water so fast that the air in the 
chamber could not absoib it all, and the leaves became soggy 
in places. It was also shown when green tobacco leaves were 
placed under a bell glass. The leaves threw off their mois- 
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ture until the air within the bell glass became saturated as 
was shown by a copious condensatloD on the inner surface of 
the glass. But the elimination of water did not stop here. 
As portions of the leaves commenced to pass from the yellow 
to the brown stage these parts became so wet that water - 
could be readily expressed from them by squeezing in the 
hand. This is what occurs in the curing-house when insuffi- 
cient ventilation is given during the browning stage, or when 
the tobacco is hung too thickly rendering sufBeient ventila- 
tion impossible. The air confined between the plants be- 
comes so charged with water that it can take no more, when 
the liquid gathers in minute drops on the surface of the 
leaves. I have never known this excess of water to occur 
until the leaves have reached, or were approaching the brown- 
ing stage. We are now ready to consider in more detail the 
subject of 

Poh'-buru in tobacco- — This affection is the indirect re- 
sult of the leaves becoming moistened bj this escess of water 
which furnishes the necessary conditions for the germination 
of the spores of the microscopic organism or organisms that 
cause the disease. It is a decay of the leaf, resulting from a 
too prolonged exposure to the excess of water. All parts of 
any given leaf rarely, if ever, reach the browning stage at 
the same time, which explains the fact that pole-bum, In 
cases of slight affection, is found distributed over the leaves 
la such apparent irregularity. Spots of it appear here and 
there, without any apparent oi"der of distribution. When 
the atmospheric conditions favor pole-burn the parts of the 
leaves that are in the browning stage are affected, while the 
parts that have not yet reached this stage, or have passed 
it to a su£Bcient degree, escape. The wet, oily appearance 
of the leaf may be regarded as the first symptom of pole-burn. 
Later a characteristic odor Is given off. The destruction or 
weakening of the tissues is not always apparent untiV some 
time after the oily appearance has been assumed, 

I do not here attempt to consider the specific organism or 
organisms, If such there be, tJiat are the direct cause of pole- 
burn, which belongs to the field of the mycol<^8t If it is 
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due to a specific organism it appears that its spores aia prac 
tically omnipresent, for it seems certain tliat under tlie proper 
conditions all tobacco that has not been sterilized is affected 
by pole-burn. 

I had formerly supposed that the wet condition of the leaf 
accompanying pole-bum was caused by condensatioa of 
moisture from the air, due to lowering of temperature, but 
■ I found no evidence either during the past season or during 
the summer of 1893 to corroborate this opinion. I failed to 
find a single instance where the water so apparent in the 
leaves affected with pole-burn appeared to liave come from 
the air. Had it come from condensation, something analo- 
gous to dew would have occurred in the curing-house duiing 
cool nights, and the moisture would have been noticeable on 
the outer leaves of the plant as well as upon the laths and 
the timbers of the building. But no such conditions were 
observed. The wet leaves were almost always those that 
were more or less covered by others. 

How to prevent pole-burn. — From what has been said, it 
is clear that the preventive of pole-burn is to pro^^de suffi- 
cient ventilation in the curing-house so that the air in con- 
tact with the leaves does not become so nearly saturated with 
moisture tha.t it can no longer take up the water given off by , 
the leaves. Here the value of the psychrometer appears. By 
having one of these instruments hanging between the plants 
in a central part of the curing-house we liave only to note 
the depression of the wet bulb to discover at once if danger 
from pole-bnrn approaches. It is not safe to wait for the 
moisture to appear on the surface of the leaves uor for the 
characteristic odor of pole-bum. for then the trouble has al- 
ready commenced and much damage may result before it can 
be checked. 

Yentil^tion of the ciiriiifi-house. — As has already been 
stated, the best quality of cured tobacco is generally found in 
crops that are more or less damaged by pole-bum and that 
the point at which to «im is slow curing, but not so slow as 
to induce pole-bum. It is clear that in a climate so variable 
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as that of Wisconsin, the ideal curing-house must be made 
sufficiently tight to shut out, in a measure, the hot and dry 
air that so often prevails in August and September, to prevent 
the tobacco from curing too fast; and it must also have a pro- 
vision to use artifleial heat to produce a less humid air within 
the house in case of a warm and wet period of weather at the 
critical stage of the curing process. In our experimental cur- 
ing-house we have provided for emergencies both in the di- 
rection of dry and wet weather; — for dry weather, by inclos- 
ing the building with closely fltted drop siding with tight fit- 
ting doors, which gives almost complete control over the 
amount of air that enters the building; and for wet weather 
by placing a small box stove in each compartment from which 
a long pipe extends nearly horizontally about three sides of 
the room, near the ground, passing out through the fourth 
side a sufficient distance for safety, and then extending ver- 
tically for a few feet. 'The system is illustrated in Fig. 57. 
An excavation. A, was made beneath the sill of the 
building at one side of the room, sufBcIently long and 
wide to admit the stove, B. which extends into the room 
as indicated, and to provide space in front of the stove for 
putting in wood, etc., and sufficiently deep so that the top of 
the stove was a foot or more below the bottom of the sill. 
The space between the stove and sill, and between the stove 
and the earth walls of the excavation was bricked up with 
hollow building tiles, which admitted air freely to the room, 
at the sides of, and over the sto^'e. Common brick might 
have been used for this purpose. The pipe. C. eft the stove 
at the level of the ground floor of the room, and rose gradu- 
ally in its course, being supported upon bricks and pass- 
ing out at D above the sill, through a double-walled 
tin cylinder. As the rooms in our curing-house are all small 
— the largest being but 16x28 feet — a small stove, carrying a 
six inch pipe, answered the purpose, Xo difficulty was ex- 
perienced in securing a good draft, and, except in one room, 
in which the tobacco waa hung too thickly (four laths to the 
foot), the humidity of the air within was found to respond 
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readily to the heat from the stoves, even -when a very little 
fire was used. After the ciiriug was completed the pipes were 
taken down and stored for use nest year. 
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From the experience of the past season I think that a cur- 
ing-house one hundred feet long could he sufficiently warmed 
by means of four thirty-six inch box stoves, carrying seven 
inch pipe, placed as shown in Pig. 58. The stoves should 
be let into the ground beneath the sills and bricked in as 
above described. The pipes should start at the ground level 
and rise eight or ten inches to the rod. If they come in the 
way of hanging tobacco, remove a sufficient number of plants 
to make room. They may be supported on temporary brick 
piers, or suspended by wires from the scantling that carry 
the tobacco. The portion of the pipes extending outside of 
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the building will be more durable if made of galvanized' iron, 
and should be capped with spark arresters, but the remainder 
may be of common sheet iron. 

The pits in which the stoves are located should have their 
sides planked or bricked up, and be jH-o^-ided with plomk 
covers, and eve-troughs should be placed above them to keep 
out water. 

□ a = 



Fia.SJ—Sbowirg method ot usio/ artlH:l»l h^at lor vsatilation In » largo cuplnt house 

The first cost of such a heating system need not much ex- 
ceed seventy-five dollars, and as it would not be used much 
in any one season, if the pipes were properly stored when 
not in use, it would last many years. 

The increased value of a single crop of tobacco saved from 
a severe attack of pole-burn by eueli a heating system would 
be more than sufficient to pay for its cost, and if by provid- 
ing it as a safeguard, the crop may be caused to cure slowly 
as it should, in dry seasons, the apparatus may be made t 
pay for itself nearly every year. I may add tliat with the 
he-ating apparatus, the tobacco may be hung a little closer 
tlian would otherwise bo prudent, thus permitting a some- 
what smaller building for a given acreage. 

In constructing a curing-house with the intention of pro- 
^iding such a heating apparatus it would be well to build it 
two feet higher than the needs of the tobacco alone wouM 
recjuire, to provide more room for the pipes beneath the lower 
tier. 

I am fully aware that the recommendation to equip a to- 
bacco house with heating apparatus will be regarded as 



L;.g,l,zetoyGoO^^IC 



Agricultural Experiment Station. 369 

foolishness by some Wiscon^ tobacco growers, who no^f at- 
tempt to core their tobacco in tie poorest building on the 
farm, and who have been accnstomed to regard any etructure 
safflciently inclosed to keep oat stock as a fit plafe for caring 
what should be their most valuable crop. Neyerthelesa I af- 
firm with entire confidence that the tobacco crop cannot be 
so cured as to yield the best possible quality every year with- 
out a building in which the humidity of the atmosphere 1b 
under control, and without the requisite knowledge and at- 
tention in the use of such a building. And I am equally con- 
fident that the market value of the crop will be sufficiently 
enhanced by providing these requiremeDts to abundantly re- 
pay their slight additional cost 

Moist air is lighter than drier air at a given temperature 
and hence tends to rise. Comparatively dry air entering tiie 
curing-house near the ground and coming in contact with 
tobacco that is giving off moisture, as it absorbs tliis water 
will gradually rise through the building, absorbing more and 
more moisture in its course until it reaches the roof. It is 
Important, therefore, not only that the cnrlng-house shall con- 
tain ventilators through the roof or in the gables, but that 
these be so made that they can be opened and closed at will, 
because these furnish an efficient means for controlling the 
humidity, providing the weather boarding of the building is 
tight, as it should be. In ordinary weallier, it is probably 
better to use only the ventilating doors near the ground, and 
the roof ventilators, leaving the higher aide doors closed ex- 
cept as an emergency seems to require special ventilation, 
and the control may be mainly exercised by the roof venti- 
lators, since by opening or closing these more or less, the 
air as it rises between the hanging tobacco plants may be 
compelled to rise more or less rapidly as seems desirable. 
But it should be remembered that when the external air is 
very moist, as in rainy weather, this upward current of air 
will largely cease because the absorption of water from the 
tobacco will be greatly checked. At such times the tempera- 
ture of the air between the plants must be raised to restore 
normal absorption, and the only way to do tliis is to provide 
24 
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artificial heat. Placing lifted lamps beneatli the roof Ten? 
tilators will help to produce an upward curreDt of air, as was 
proved in our experiments, but this will not avail to prevent 
pole-bnrn if "ttie air that enters the building is already on the 
verge of saturation. 

It is important that the plants in the curing-house be hung, 
so far as possible, at uniform distances apart, and when hung 
on la^ths, the end plants on the laths should be hung 
sufficiently near to the ends of the latha so that when " the 
laths are placed in position, open spaces are not left where 
the ends of the laths of adjacent courses come together, thus 
forming chimneys for the ascent of the air. Otherwise, Uie 
air may be able to rise through tlieae open spaces as rapidly 
as it can make its exit tlirough the roof ventilators, and thus 
the more confined air between the laths be greatly hindered 
in its ascent. Hie existence of such currents through these 
open spaces was demonstrated in onr own curing-house by 
placing one psychrometer between the laths at the center, 
and a second at the ends, when it appeared that the latter 
instrument registered a lower wet bulb depression than the 
former, indicating a less humid air. 

In our trials it was found that laths containing six medium 
plants placed four and five inches apart respectively, cured 
well without pole-bum, while laths pliaced three inches apart 
gave considerable pole-burned tobacco in spite of the fact 
that artificial heat was used, 

SUMMARY OF THE PRECEDING ARTll^LE. 

Green tobacco loses in round numbers about 71 per cent, 
of its weight during the curing process. 

The rate at which the water passes off gradually Increases 
from the time the leaves aire well wilted until they assume 
the brown color. The water appears to be set free by the 
leaves rather than extracted from them by drying. 

The changes in color of tobacco leaves during the curing 
process are not the result of drying but of certain changes 
within the leaves themselves. Riper tobacco yields a lighter 
color of cured leaf than that which is less mature. 
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Id (niring tobacco th.e aim diould be to have it care in as 
moist an atmosphere as possible without iDCmrring damage 
from pole-bum. 

The psychrometer is a very iiseful Instrament in the coring 
of tobacco because it enables us to anticipate danger from 
pole-bum. A wet bulb depression of not less than one degree 
nor more than two degrees should be maiDtained by careful 
attention to ventilation. ' 

The curing-house should be Inclosed in such a manner tiiat 
the amount of external air that enters it is undf r control and 
should be provided with some kind of heating apparatus that 
renders it possible to reduce the humidity of the air in wet 
weather. 

The plants should be hung at uniform distances in the cur- 
ing house, and so distributed as not to leave open spaces from 
the bottom of the building to the top. 
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FIELD EXPERIMENIS WITH TOBACCO. 



Otir tobacco was grown on a rather light clay loam, abun- 
dantly fertilized with oanposted stable mannre, and the 
ground was plowed both in the fall and spring. The variety 
of tobacco grown was the so-called Wilson's Hybrid, of 
which seed was procured from Knoxville, Tioga Co., Pa. 

AN EXPEEIMENT IN THE IRRIGATION OF TOBACCO. 

Baring the past two seasons, in both of which the summer 
lias been exceptionally dry, the experiment has been made of 
irrigating a small plat of tobacco to see how far, if at all, this 
treatment would enhance the yield and quality. 

In 1893 the part of the crop selected for this experiment 
was the latest setting, made July 6, at which date the soil 
was abundantly moist, but little rain fell thereafter until the 
tobacco had been harvested. 

The* first irrigation was made July 27. The plants at the 
time were suffering for water, as was shown by the wilting 
of the leaves during the warmer part of the day. Sufficient 
water was added to saturate the ground as deep as the plow 
line, the liquid being pumped from the adjacent lake by means 
of a rotary pump operated by a portable engine, and delivered 
over the plat through gas pipe supplemented by wood flumes. 
The effect of the irrigation, waa quickly noticeable upon the 
foliage, tiie leaves soon standing more upright; later the upper 
leaves on the irrigated part showed a disposition to spread 
more than those on the part not irrigated, and the color of 
the foliage became darker. A light shower the day following 
tiie urigation very soon dried oft from the portion of the field 
not irrigated, so that its effect was scarcely visible, but the 
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Irrigated part retained its moist appearance upon the surface 
for many days. As boou as the surface became sufiSciently 
dry, the irrigated plat was thoroughly cultivated, and as no- 
rain came, irri^tion was repeated on August 8th, as before. 
From the date of the first irrigation until the cutting of 
the tobacco (Sept, 8), the effect of the irrigation gradually 
became more apparent tlirough the increased growth in the 
irrigated part After the plants were topped, the spaces be- 
tween the rows on the irrigated part were noticeably nar- 
rower, and the upper leaves were decidedly broader and more 
spreading. At the time of cutting, one hundred average 
plants from the irrigated part,and the same number from the 
part not irrigated, were weighed, after which the two lots of 
plants were hung side by side in the curing-house. They were 
taken down December 15, stripped and the leaves and stalks 
weighed Deceml>er 16. The data are given in the following. 
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The past season (1894) but one irrigation was given. TM» 
was made July li, on a plat of tobacco of which Ihe plants 
were set June Ist and wliich were forming the flower stalk at 
the time of the irrigation. Tlie work was performed in the 
same manner as in the preceding year, ^e wliole ground being 
soaked with water as deep as the plow line, 

The plants on the irrigated plat, and on adjoining plat not 
irrigated, were topped July 17, and at this date — ^but three 
days after the irrigation — the effect of the water was readily 
visible by the lighter green of the leaves on the irrigated plat, 
and by the fact that the tops broke off much easier tm thJs , 
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plat than on the other. A bard wind-storm, which came aboot 
thla time, broke down the plants much worse on the irrigated 
ihan on the unirrigated plat. 

From flie time the water was applied until the tobacco was 
harvested the effect of the irrigation was visible, though rather 
lesB marked than the previous year, when two irrigations were 
given. As the tobacco was harvested, 48 lath, comprising 288 
plants, were weighed from the irrigated and from the unir- 
rigated plat, and the leaves from ihese plants were weighed 
after having been cured and stripped. Then in order to as- 
' certain the effect of the irrigation upon the thickness of the 
leaves, 800 sound leaves were selected from each lot and 
weighed, after which the length and width of each leaf was 
measured. The numerical data appear in the following table: 
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As will appear from the data furnished by these trials the 
irrigation was followed by a perceptible increase in crop, 
though in the first trial the increased growth, appeared to be 
almost entirely in the stalks. It is of interest also that the 
irrigation caused a perceptibly thinner leaf, as is shown by 
comparing tiie area per pound of cured leaf* of the irrigated 
and unirrigated plants. 

As appears from the figures, the results ol one irrigation in 
1894 were more satisfactory as regards the yield of cured leaf 
than of the two irrigations given the preceding year. 

*Theareaof a leaf was computed by nmltiplyiuK its length by one- 
half its width, and increasioK the product by one-third, it hai'ing been 
aseertdined by trial that tbls is nearly exact. The average length and 
the average width of a leaf was aacirtained by faking measuremeota 
of 800 whole leaves. 
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It is possible that better results might have been secured 
both seasons had the water been added less rapidly, and the 
ground been less thoroughly soaked. 

No difference was perceptible in the quality of the cured 
leaf in 1893. In 1894 the Irrigated leaf was thought to show 
fewer of the purple spots so commonly found on tobacco fa 
dry seasons, but this difference was very slight. 

Prom the experiments thus far made, it would appear that 
less profit is likely to accrue from the irrigation of tobacco than 
of strawberries. 



In order to ascertain tie relation of the distance apart at 
which the plants giow in the field to the yield and thickuesa 
of the cured leaf, 10 rows, 31 inches apart, were set with plants 
20 inches apart; 10 rows, 3 feet apart, with plants 20 Inches 
apart, and 10 rows, 3 1-2 feet apart, with plants 2 feet apart. 
The plants were set June 1st and 2d, topped July 17 and 18, 
and harvested August 18 and 20- They were taken down about 
November 3 and stripped during the succeeding week. The 
following data were noted: 
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The results of this experiment as indicated by the above data 
are of interest, since they seem to ^low: 

1st The closer planting was followed by a marked Increase 
in yield, 

2d. Closer planting in the row was followed by a thinner 
leaf, but lessening the distance between the rows was not 

It will be observed that in the second and third distances 
of planting given in th.e table, the plants were given the same 

L;.g,l,zetoyGoO^^IC 



Elbvbnth Annual Report of the: 

i in tlie row, and they gave nearly the same area of 
ist per pound, notwithBtanding the fact that in the 
stance, the tows were placed 5 inches nearer togetiier 
the second distance. 

?Bson Bu^ested is that under the conditions a distance 
t and 7 inches between the rows was sufficient for the 
elopment of the plants, because if the crowding had 
creased by shortening the distance between the rows 
f to assume tliat, with tie large yield secured, the leaf 
lave been rendered thinner. 
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EXCHANGES. 



The Station takes pride in the fact that it has on file an 
almost complete list of the leading agricultural papers in 
the TJnit,ed States, besides many from foreign countries, 
and some not strictly treating of agriculture. These papers 
come to the Station in exchange for its reports and bulle- 
tins.. While of the highest value to those connected with 
the Station as the expression of agricultural experience 
and sentiment, they are placed where they can be read and 
referred to by the agricultural students and others of the 
University, as well as by visitors. Any one desiring sam- 
ple copies of these papers can as a rule secure them upon 
application to the publishers, at the addresses given. 

FORBIQK XXCHANOKS. 

Agricultural Gazette, London, England. 

Analyst, London, England. 

Australian Ironmonger, Melbourne, B. Australia. 

Bell's Weeklj Messtnger, London, England. 

Bulletin Des Seancee de la Societe Nationale D'Agiiculture de IVance, 
Paris, France. 

Canadian Live Stoch and Farm Joum&l, Toronto, Canada. 

Chronique Agricole du Canton da Vand, Laoeanne, Switzerland. 

L'Echo Agricole, Courtrai, Belgium. 

Dairy, London, England. 

Dairy Review, Woodbridge, Suffolk. England. 

Estraitdee Travanx de la See. Centr. d'Agr. de la Seine Inf., Rouen 
France. 

Fanners' Advocate, London, Ontario. 

Held, London, England. 

FQUing's Landwirthschaftliche Zeitung, Leipaic, Germany. 

Illustrated Journal of Agriculture, Mont>«al, Canada. 

Journal fUr lAndwirtschaft, Berlin, Germany. 

Journal d'Agricultnre Ulustre, Montreal, Canada. 
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JoUToalof tbe Britieb Dairjr Farmers' Ass'n, LondOD, Ease. 

Journal of Royal Agricultural Society' of Englaod, London, En([, 

Egl. Landttmiks Akademienn Bandliugar ocb Tidskrlft, Stockholm, 
Sweden. 

Landmandaveniien, Bergm, Norway, 

LandwirtfiCbaftltcbe Wochenblatt f. Schleew. Eolstein, Kiel, Oermanj. 

Le Heeaager Agricole, Paris, France. 

L'InduBtri« lAitiere, Paris, France. 

Live Stock Journal, Iiondon, BoKlaud. 

Hilch-Zeitung, Bremen, Oermsny. 

Neue Zeitacbrif t f Or B(ibeDzui;ker Iii<lustri>, Beriin, Oermany, 

Nortb Britisb Agriculturist, Edinburgb, Scotland. 

Nor" Weat Farmer, Winnipeg, Manitoba. 

Revue Internationale des Falsi ficatiooB, AmBtardam. Holland. 
' Rural Canadian, Toronto, Canada. 

Scbweizeiische Molkerei Zeitung, ZUrich, Switzerland. 

TidsskrUt for det norake Landbrug, Chriatiania, Norway. 

Tidaakrift for lAndoekonomi, Copenhagen, Denmark. 

Ugeekrift for Landmoend, Copenhagen, Denmark. 

Ulater Agriculturiat, Belfast, Ireland. 

Weekly Timea, Melbourne, Australia. 

Zeltechrift fdr Nahrungsnjitle!~UnterBucbung und Hygiene, Vienna, 
All atria. 

Zeilacbrift dee Landw. Vereina in Bayem, Munich, Germany. 

DOHESTIC BZCHANQB3. 

Acker und Gartenbau Zeituiig, Milwaukee, Wia. 
Agricultural Epitomiet, Indiannpolie, Ind. 
American Agriculturist, New York, N. Y. 
American Creamery, Chicago. 111. 
American Cultivator, Boeton, Matw. 
American Dairyman. New Ycrb, N. Y. 
American Grange Bulletin, Cincinnati, O. 
American Sheep Breeder and Wool Grower, Chicago, 111, 
American Swineherd, Chicago, 111. 
Baltimore Weekly Sun, Baltimore, Md. 
Boatou Weekly Qlobe, Boston, Mass. 
Bceder'a Gazette, Chicago, 111. 

Bulletin of tbe American Devon Cattle Club, Wheeling. W. Va. 
Clover Leaf, South Bend, lud. 
Connecticut Farmer, Hartford. Conn. 
Country Gentleman, Albany. N. Y. 
Creamery and Dairy, Clarkavjlle, la. 
Creamery Gazette, Amea, Iowa. 
Creamery Journal, Waterloo. Iowa. 
Cultivator, Omaha, Neb. 
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Detroit Free Press, Detroit. Micb . 

Dorset Quartetlj, T^aahlDftton, Pa. 

Der Deutscb-Amerikaniscbe Mtlller, Ohicf^o, III. 

Drainage SDd Farm Journal, Indianapolis, lad. 

Elgin Dairy Report, Elgin, 111. 

Farm and Dairy, Ames, Iowa. 

Farm and Fireside, Springfield, Ohio. 

Farm and Home, Springfield, Mass. 

Fanners' Ouide, Huntington, Ind. 

Farmers' Home, Dayton, Ohio. 

Farmers' Home Journal, Louisville, Ky. 

Farmers' Magazine, Springfield, 111. 

Farmers tTnion. Chicago, 111. 

Farm, Field and Rreside, Chicago, 111. 

Farm Journal, Philadelphia, Pa. 

Farmers' Review, Chicago, 111. 

Farm, Stock and Home, Minneapolis, Mian. 

Field and Farm, Denver, Colo. 

OeflQgel Zttchter, Wausau, Wis. 

Orange Visitor. Charlotte, Mich. 

Hoard's Dairyman, Ft. Atkinson, Wis. 

Holstein FrieBiac Register, Brattleboro, Vt 

Home and Farm, Louisville, Ey. 

Honpodar, Omaha, Neb. 

Indiana Farmer, Indianapolis, Ind. 

Industrial American, Lexington, Ey. 

Induatrialiet, Manhattan, Eas. 

Iowa Homestead. Dea Moinea, la. 

Irrigation Age, Chicago, 111. 

■Jersey Bulletin, Indianapolip, Ind. 

Kansas Farmer, Topeka, Eas. 

Live Stock Indicator, Kansas City, Mo. 

Live Stock Report, Chicago, III. 

Lodi Valley News, Lodi, Wis. 

Lousiana Planter, New Orleans, La. 

Manitowoc Tribune, Manitowoc, Wis. 

Maryland Farmer. Baltimore, Md. 

Midland Poultry Journal, Eaneas City. Mo. 

Mirror and Farmer, Manchester, N. B. 

National Stockman, Pittsburg, Pa. 

'Nebraska Farmer, Lincoln, Neb. 

New England Farmer, Boston, Maes. 

New England Homestead, Springfield, Mass. 

Northwestern Agriculturist, Minneapolis, Minn 

Ohio Farmer, Cleveland, Ohio. 
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Oraoge Judd Fanner, ChicARO, III. 
Faciflo Rural FresB, San Fmacisco, CaL 
Practical Former, Philadelphia, Pa. 
Prairie Farmer, Chicago, 111. 

1 Life, Waterloo, Iowa. 

1 New Yorker," New YorV, N. Y, 

ajgaa County Nowa, Sheboygan Falla, Wis. 

demaonen, Uinneapolis, Minn. 

Iiem Cultivator, Atlanta, Ga, 

[lern Live Stock Journal, Starkvitle, Mis'). 

liem Planter, Blchmond, Ya. 

roix Republican, New Riohmond, Wis. 

I Beet, Philadelphia. Pa. 

B Farm and Ranch, Dallas, Texas. 

Bd States MUler, Chicago, 111., and Milwaukee, Wis. 

'a Illustrated Monthly Magazine, Rochester, N. Y. 

«rn Agriculturist and Live Stock Journal, Chioago, 111, 

xm Rural, Chicago, III. 

fBTa Stockman and Cultivator, Omaha, Neb. 

;ern Swineherd, Genesee, 111. 

onein Agriculturist, Racine, Wis, 

»nsin Farmer, Madison, Wis, 

lonsin Weather and Crop Journal, Milwaukee, Wis. 

I and Hide Shipper, Chicago, 111. 

1 and Mutton, Minneapolis, Minn. 
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From W. Aldrich & Co., New ^York City, a copy of Alclrioh, Farming 
Corporations. 

Cultures of bacteria, from Prof. Oeorgeeou, Manhattan, Ean. ; Chr, 
Hansen's Lab., Little Falla, N. T.; Prof. F. G. Novy, Ann Arbor, Mich.; 
Prof. W. T. Sedgwick, Boston, Masp.; Prof. E. A. de SchweinitK, Wash- 
ington, D.C., and Prof. T. H. McBride, Iowa City, Iowa. 

From Cornish, Cuitia & Greene, Ft. Atkinson, Wis., one Pasteurizing 
machine, one milk cooler. 

Prom J. T. Bentley, CitcleviUe, O., a copy of Bentley's Lightning Cal- 
culator. 

From Creamery Package Mfg. Co., Chicago, 111., twenty'flTe Belknap 
butter tubs (SO lbs.); four hoop aah tubs; seven sprace butter tubs; six 
Bradley spruce butter boxes; three Bradley spruce butter pails; four ash 
butter pails; two white wood crates; sis stoneware butter jars. 

From J. J. Ryan, Cbicago, 111., one Brown speed indicator. 

From E, Sudendotf, Elgin, III, one gal. Wells, Ricbardson*a .Improved 
Butter Color. 

From L. J. Petit & Co., Milwaukee, Wi»., two barrels Diamond Crystal 
butter salt. 

From D. T. Sharpie?, Elgin, III., three blue-print diagrams of separators; 
one milk measuring pipette. 

Babcock milk testers presented during the fall of 1891, by A. H, Barber, 
Chicago, 111., 1-13 bottle steam turbine; A. J. Oushman Co., Waterloo, la,, 
1-lS bottle steam turbine; Cornish, Curtis & Greene, Ft. Atkinson, Wis., 
1-20 bottle steam turbine; 1-13 bottle hand machine. 

From Nixon Nozzle & Machine Co , Dayton, Ohio, plunger for "Pro- 
grees" force pump. 

From S. D. Willard, Geneva, N. Y., buds of horse plum. 

From J. G. Jack, Arnold Arboretum, Jamaica Plain, Mass., buds of 
Chinese peach. 

From Joseph Zcttel, Sturgeon Bay, Wis., cions of 4 varieties of apples. 

From Detroit Paper Package Co., Detroit, Mich,, samples of folding 
paper berry box. 

From G. W. Barney, Hartford, Wis., one package each of seedling apples 
and of cions. 

From F. H. Chappel, Oregon, Wis., cions of Wisconsin Baldwin apple. 
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HERD BOOKb. 

Davy's Devon Herd Book, Vol. XVII, 

Jobit SiBden,.Jr.. Wirelncombe, Somerset, Eagland. 
The National Fig Breeders' Asecn. Herd Boob. Vol. X, 

John Fare, Secy., 44 Happeriy Road, Nottiaghftm, BaglaniU 
Victoria Swine Record, Vols. I and II, 

Geo. P. Davis, Secy., Dyer, Ind, 
American Sliropehire Sheep Record, Vol, IX, 

Mortimer Leveriag, Secf.. La Fayette, Ind. 
Suffolk Sheep Society Flock Book, Vol, VIII, 

Ernest Prentice, Secy., Stowmarkei, England. 
Standard Poland China Record. Vol. VII, 

Geo. F. Woodworth, Secy., Maryville, Mo. 
American Oxford Down Record, Vol. V, 

W. A. Shafor, Secy., Middleton, Ohio. 
Wenaleydale Flock Book, Vol V, 

T. J. Other, Secy., Howgrave, Bipon, England. 
The Osford Down Flock Book. Vol. VI. 

R. Henry Rew, Secy., London, England. 
Clydesdale Stud Book of Canada, Vol. VII, 

Henry Wade, Secy., Toronto, Canada. 
Holatein-Priegian Herd Book, Vols. VIII, IX, X, XI, 

Thoa. B. Wales, Secj., Boston, Haas. 
Improved Essex Swine Record, Vol. 11, 

F. M. Srout, Secy., McLean, III. 
QestQtbuch der boleteinischen Marscben, Vol. Ill, 

C. Von Dratben, Oreeley, Iowa. 
Herd Book de la Race Normande Pure. Bulletins 1-9, inclusive, 

E. Tiiserand, Minister of Agrl., Paris. France. 
Herd Book Francais, Race Durham, Vols. XVI-XIX, inolnsive, 

E. Tisserand. Minister ot Agrl., Paris, France. 
Herd Book de la Race Nivernaise-Charolaiie, Vole. 1-2, Sad Series, 

E. Tisserand, Minister of Agrl., Paris, France. 
Herd Book de la Race Charolaise. Bulletin I and Statutes, 

E. Tisserand, Minister of Agrl., Parla, France. 
Herd Book de la Race Limousine Pure, Bulletioa 1-4, inclusive, 

E. Tisserand, Minister of Agrl., Paris, France. 
Herd Book de la Race Tarentaise, Bulletins 1-4, inclusive, 

B. Tisserand, Minister of Agrl., Paris, France. 
Herd Book de la Race Bretonne Pie-Noire, Bulletins 1-4, inclusive 

E. Tisserand, Minister of Agrl., Paris, France. 
The Cotswold Flock Book, Vols. 1-3, 

Jaa. W. Taylor, Secy., Cold Aston, Cheltenham. 
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North Wales Black Cattle Herd Book, Vola. I-IV, 

W. Arthur Dew, Secy., Wellfield, Biuigor, Englaod. 
English Guernse; Herd Book, Vols. IX and X, 

Julian Stephens, Scot., London, England. 
Herd Book Dutch Belt«d Cattle Assn., Vol. IV, 

H. B. Uicbards, Secy., Eaaton, Pa. 
American Ouerosey Herd Register, Vol. V, 

Wm. H. Caldwell, Secy., Peterboro, S. H. 
Standard Poland-China Record, Vol. Vllt, 

Ira K. Alderman, Secy., Haryville, Mo. 
Herd Book Maine State Jersey Cattle Asscn., Vols. I, IV, .VI, 

N. R. Pike, Sec'y., Wiothrop, Maine. 
aydeadflle Stud Book, Vol. XV, SVI, 

Archibald M'Neilage, Sec'y., Glasgow, Scotland. 
Holstein-Friesian Herd Book, Vol. XII, 

F. L. Houghton, Sec'y., Brattle boro, Vt. 
American Southdown Record, Vol. IV, 

Jno. G. Springer, Sec'y,, SpringBeld, 111. 
Reg. of Vermont Merino Sheep Breeders' Asscn , VoL IV, 

Albert Chapman, Sec'y., Hiddleburg, Vt. 
Ohio Poland China Record, Vol. XVI, 

Carl Friegan, Sec'y., Dayton, Ohio. 
British Berkshire Uerd Book, Vol. X. 

Heber Humphrey, Sec'y., Sbippon, Abingdon, England. 
Jersey Herd Book, Vol. XH, 

Joshua Le Gros Sec'y., St. Helier, Jersey Isle, England 



D.gitizecbyG00glc 



Agbicdlthral Experiment Station. 



FINANCIAL STAIEMENT. 



Th£ WitconHn ^ffrtoilCunit Experiment Station, in Aixoant vsUh tha 
United Stalea Appnpriation. 



,».. 


Page. 


Cr. 


Dr. 


.^TSJ.'sriisjrAr.Si'SBSsr.; 


!» 
811 
4S 

as 

85 
«S 

115 








I8.800 00 
8,727 96 

187 0! 












B; lum supplln 










Brllbnry 




l»S85 
280 6i 










Br reudug and drsla&ge 

Br leedi and plants 






185 j ?«sa 

145 1B9S3 












IBS 


11B55 
7S1 ST 
41 BO 

-455 M 




By fuel iDd light. 

Bj IncldeDta! Bipensea , 












I1B.000 00 


116,000 00 



L true copy from the 



I hereby certify that the foregoing statement ii 
books of account of the inetitution named. 

(Signed) E. F. RILEY, 

Secretary Board of Kegenfa, 

University of Wiicontin. 
Hadison, Wisconsin, July 12, 1691. 
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